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Bottomland hardwood stands managed as greentree reservoirs (GTRs) provide
critical habitat for numerous wildlife species. The oak component in GTRs is of critical
importance to wildlife managers since oaks produce high energy foods during the winter.
However, GTR management warrants concern since it has been linked to increased
mortality and insufficient regeneration of desirable species. This project evaluates
willow oak acorn production and the effects of flooding and midstory control on the
survival and growth of planted willow oak seedlings.
Winter flooding reduced survival of seedlings inundated in early October but did
not reduce survival of seedlings inundated in mid-November. Midstory control did not
produce desired light levels for the future survival of underplanted seedlings.

Acorn production was good for both years. Trees with DBH between 55 and 65
cm produced the majority of sound acorns. Acorn production was likely adequate to
support foraging waterfowl and natural regeneration.
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CHAPTER I
INTRODUCTION

The bottomland hardwoods of the Lower Mississippi Alluvial Valley (LMAV) are
considered one of the most endangered ecosystems in the United States (Noss et al.
1995). Due to the high productivity of this land, much of the native vegetation of these
forests has been converted to agriculture (Kellison and Young 1997). The LMAV covers
approximately 24 million acres over seven states from southern Illinois to the Gulf of
Mexico, and once supported the largest expanse of forested wetlands in the United States
(Stanturf et al. 2000). The amount of bottomland hardwood forest was reduced to about
five million acres by 1978, with an additional 100,000 acres cleared annually since that
time, leaving approximately 4.5 million acres in 1992 (Fredrickson and Batema 1993).
Some studies have indicated that most red oak species are decreasing within their
historical range (Johnson 1979, Janzen and Hodges 1985, Shotola et al. 1992, Lockhart et
al. 2000, Oliver et al. 2005). This reduction in mast producing oaks has potential to
significantly affect the wildlife that depend on acorns when other foods might be
unavailable (Clatterbuck and Meadows 1992).
These forests and their fauna are characterized and maintained by a natural
hydrologic regime of alternating annual wet and dry periods. Woody plant assemblages
of forested wetlands are adapted to environments where other species cannot survive,
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mature, or reproduce (Huffman and Forsythe 1981). The values of bottomland
hardwoods include timber production, flood control, water quality enhancement,
pollutant filtering, erosion control, and wildlife habitat (Walbridge 1993). However, the
productivity of the remaining bottomland hardwoods has diminished due to
anthropogenic influences. Man-made alterations to the landscape have affected many of
the wetland functions provided by bottomland hardwood areas. Many of the rivers and
streams that naturally replenished the adjacent hardwoods were dredged or leveed to
protect important farmland from periodic flooding events, and irresponsible logging
practices have degraded additional stands and changed the composition of the forest
(Sincock et al. 1964, Fredrickson 1979, Dollar et al. 1992, Hodges 1994). These
disruptive events have resulted in alterations to natural species assemblages and
community structure (Lea 1988, Dollar et al. 1992).
The bottomland hardwoods of the southern United States provide food and cover
for many wildlife species. The overall importance of bottomland hardwoods to wildlife
is evident in the fact that over nine-tenths of all eastern North American bird species use
bottomlands at some point in their life-cycle (Harris et al. 1984). The extensive loss of
bottomland hardwoods is especially important to waterfowl in the LMAV, since it is a
prime wintering area for mallards (Anas platyrhynchos) and the major breeding and
wintering area for wood ducks (Aix sponsa) (Fredrickson and Batema 1993). These areas
provide essential feeding, resting, and bonding habitat during critical times of the
waterfowl life-cycle (Reinecke et al. 1989). Waterfowl feed on the acorns of several oak
species, the moist soil plants that occur in forest openings, and the abundant invertebrates
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that occupy the forested wetlands (Forsythe and Gard 1978, Fredrickson and Heitmeyer
1988, Wehrle et al. 1995, Barras et al. 1996, Dabbert and Martin 2000).
A greentree reservoir (GTR) is a bottomland hardwood stand impounded by
levees and flooded during fall and winter to provide mast and invertebrates for waterfowl
(Rudolph and Hunter 1964). GTR management began in the 1930s in the Grand Prairie
of Arkansas in the area around Stuttgart. These “green tree reservoirs” evolved from the
previous “dead tree reservoirs” created by farmers who used adjacent timber stands to
store water for rice production (Rudolph and Hunter 1964). The repeated growing season
inundation killed the trees in these “dead tree reservoirs”. Landowners quickly
discovered that waterfowl were drawn to the newly flooded timber, and hunting the
“green timber” became a prized opportunity. Landowners wanted flooding regimes that
provided water during hunting season without degrading the timber. Since fall rains were
sometimes late or nonexistent, they began flooding tracts of timber in the dormant season
to provide wintering habitat for waterfowl when water might otherwise be unavailable.
Flooding during the dormant season was not nearly as detrimental to the timber stand,
and “green tree reservoir” management replaced “dead tree reservoir” management.
GTRs were not only beneficial to wintering waterfowl and hunters frequenting the
area, they also provided timber resources and increased public recreation of the forested
wetlands (Mitchell and Newling 1986). The artificial manipulation of the timing and
duration of flooding within the GTRs gave managers the ability to provide wintering
habitat and hunting opportunities throughout the waterfowl season (Gray and Kaminski
2005). Initially, GTR management seemed beneficial to the timber within the GTR by
increasing the radial growth of individual trees (Merz and Brakhage 1964, Broadfoot
3

1967, Broadfoot and Williston 1973). However, the flooding regime in the GTRs was
much different than the natural fluctuating hydrology that had created the species
composition seen in naturally flooded bottomland hardwoods. GTRs are equipped with
water-control structures that allow managers to catch rainfall or pump water into the
stands and maintain constant depths throughout the waterfowl season. The unnatural
flooding regimes may contribute to long-term degradation of GTRs through gradual
shifts in species composition, increased tree mortality, and a lack of desirable
regeneration (Malecki et al. 1983, Wigley and Filer 1989, Karr et al. 1990, King 1995,
King et al. 1998, Guttery 2006).
The major obstacle in GTR management is trying to optimize waterfowl habitat
and recreational activities without sacrificing the productivity or overall integrity of the
forested wetland system. To achieve this, a detailed knowledge of the many factors
influencing the species composition and habitat quality within bottomland hardwood
systems is needed. The effects of flooding on various bottomland tree species have been
studied extensively (Yeager 1949, Hall and Smith 1955, Hosner 1960a, Hosner and
Boyce 1962, Dickson 1965, Broadfoot 1967, Broadfoot and Williston 1973, Kennedy and
Krinard 1974), and numerous studies have shown that GTR management can have
adverse effects on the forested wetland complex (Newling 1981, Malecki et al. 1983,
Schlaegel 1984, Mitchell and Newling 1986, Wigley and Filer 1989, King 1994, King
1995, Young et al. 1995, King and Allen 1996, Gray and Kaminski 2005, Ervin et al.
2006, Guttery 2006). However, research focused on obtaining desirable regeneration in
bottomland hardwoods managed as GTRs is lacking. The objectives of this study were
to: (1) evaluate the effects of flooding on the survival and growth of planted 1-0,
4

bareroot willow oak (Quercus phellos L.) seedlings; (2) determine the effects of
midstory/understory injections of imazapyr on the amount of light reaching the forest
floor; (3) evaluate the effects of midstory/understory injections of imazapyr on the
survival and growth of 1-0, bareroot willow oak seedlings in two Arkansas greentree
reservoirs; and (4) assess the acorn production of willow oaks in one of the greentree
reservoirs.
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CHAPTER II
LITERATURE REVIEW

Problems in Oak Regeneration
Bottomland oaks are considered subclimax species (McQuilken 1990), indicating
that they require timely disturbances to promote recruitment of seedlings and encourage
the future establishment of mature trees. In the absence of disturbances, bottomland
hardwood stands progress toward a climax community with oaks becoming less
dominant. Oak seedlings regenerating in closed-canopy bottomland forests are typically
killed by suppression and/or moisture stress (Carvell and Tryon 1961). Along with
natural succession, there are numerous anthropogenic and environmental factors that
have contributed to the recent shortage of young oaks in bottomland hardwood stands.
Erratic seed production, predation of acorns, herbivory of seedlings, flooding, drought,
past harvesting practices, and lack of adequate attention to oak regeneration needs have
all been considered as potential reasons for the reduction of the quality oak component in
southern bottomland hardwoods (Johnson 1979, Nix and Cox 1987, Lorimer 1993,
McLeod and Burke 2004, Oliver et al. 2005). Therefore, regenerating oaks in the
bottomlands is a major concern and warrants attention (Ezell et al. 1999, Oswalt et al.
2004, Ware and Gardiner 2004).
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The natural establishment of oak seedlings is dependent on the presence of a
viable seed crop. For most oak species, acorn production is cyclic with good seed
production occurring every 2-5 years (Kormanik et al. 1995). Many wildlife species
depend on acorns as a high energy food source during the winter when other foods are
scarce. This leads to significant loss of many acorns thereby greatly decreasing the
opportunity for adequate germination. In good seed years, Sander (1990) noted that 80
percent of acorns may be damaged or made nonviable by insects, rodents, deer, turkey,
and various other birds. Additionally, entire acorn crops may be consumed or damaged
in years of poor seed production. However, Lorimer (1993) suggested that mast
production over time provides sufficient acorns such that germination is seldom a
limiting factor for seedling establishment on most sites. On sites that contain mature
oaks in the overstory, new germinants may often be in great abundance under the canopy
(Carvell and Tryon 1961). However, after stored food reserves are depleted, light
becomes the limiting factor in seedling survival (Crow 1988).

Light and Oak Regeneration
In closed-canopy forests, light is the environmental factor most likely limiting growth of
red oak advance reproduction (Abrams 1992). Jenkins and Chambers (1989) noted that
dense vegetation in bottomland forests resulted in understory light levels that were less
than ten percent of full sunlight. Light intensities as low as 1% of full sunlight are
common in the understory of some closed-canopy mature hardwood forests (Dey and
Parker 1996). These low light levels on the forest floor are often at or below the
compensation point required for positive rates of photosynthesis in oaks. Therefore, red
7

oak seedlings are unable to maintain a positive carbon balance under low light
availability (Hanson et al. 1987).
The understory and midstory of most bottomland hardwood stands are dominated
by less desirable species that can exclude desirable oaks (Johnson and Biesterfeldt 1970).
The presence of an intact canopy, along with a dense understory occupied by shadetolerant species, may prevent oak advance regeneration (Clatterbuck and Meadows 1993,
Hodges and Gardiner 1993, Lorimer 1993, King and Grant 1996). Typically, the
seedlings that are able to survive under the closed canopy repeatedly die back to the root
collar and resprout (Crow 1988). However, in time, these seedlings will likely die from
suppression or moisture stress without some disturbance to promote available light
conducive to oak growth (Carvell and Tryon 1961). Smith (1984) found that pin oak
(Quercus palustris Muench.) seedlings were abundant in forest openings in Missouri, but
few seedlings survived beneath a closed canopy for more than one or two years. Johnson
(1975) reported that Nuttall oak (Quercus nuttallii Palmer) seedlings in Mississippi
survived 5-15 years in shade but were only 1 m tall. Guo et al. (2001) noted that light
requirements of oak seedlings may change through time, with early height growth being
best under shaded conditions. However, in the long-term, low light results in poor
growth, low carbohydrate levels, reduced sprouting potential, and increased seedling
mortality (Dey and Parker 1996).
Lockhart et al. (2000) identified the inadequate density and poor distribution of
oak advance reproduction as key factors contributing to the oak regeneration problem in
bottomland stands. Young oak seedlings typically grow slowly (Janzen and Hodges
1987, Lorimer 1993), and large gaps or complete overstory removals may allow too
8

much light and promote competition that excludes oak seedlings (Clatterbuck and
Meadows 1993, Lorimer 1993). Oaks may be at a disadvantage when they must compete
with more shade tolerant species existing in the midstory or pioneer species in areas
exposed to high light levels (Kormanik et al. 1995, Johnson 1979, Hodges and Janzen
1986).
Holmes (1995) found that valley oak (Quercus lobata Nee) increased in height
with an increase in light. However, some studies have found that intermediate levels of
light maximize growth of seedlings (Ziegenhagen and Kausch 1995, Gardiner and
Hodges 1998, Guo et al. 2001). Gardiner and Hodges (1998) found biomass
accumulation, height growth, and root collar growth to be significantly greater for
seedlings grown under 53% sunlight as compared to seedlings grown under 8% and
100% sunlight. Similarly, Guo et al. (2001) found that seedlings grew best when
receiving approximately 50% photosynthetically active radiation. Growth was reduced
when photosynthetically active radiation was increased to 75%-80%. These data imply
that intermediate levels of light may promote better growth of red oaks under a mature
canopy.

Flooding
The frequency, timing, depth, and duration of flooding in the bottomlands are the
major hydrological factors influencing seedling establishment, growth, and survival
(Teskey and Hinkley 1977, Hodges and Switzer 1979, Huffman and Forsythe 1981).
Flooding plays a crucial role in forming and maintaining the floodplain by transporting
and redistributing sediments within the system (Wharton et al. 1982). Water fluctuations
9

within the floodplain create an anaerobic gradient that influences plant distribution
(Bedinger 1978, Fredrickson 1979, Huffman and Forsythe 1981). The flood tolerances of
various tree species have been reviewed (Gill 1970, McKnight et al. 1981, Hook 1984).
However, numerous intraspecific tree characteristics such as height, vigor, root
physiology, and rate of recovery may affect flood tolerance (Loucks 1987).
It is speculated that oxygen deficiency is the most important cause of flooding
injury (Kozlowski 1984). The origin and nature of flood-water are influential in the
amount of oxygen available to inundated trees. In general, stagnant flood-water contains
less oxygen than flowing water and is more damaging to plants (Kozlowski and Pallardy
1997). Additionally, the solubility of oxygen in water increases as temperature of the
water decreases (Gill 1970). Therefore, trees tend to survive cooler, flowing water for
longer periods than warmer, stagnant water.
Dormant season flooding has been shown to have little or no effect on deciduous
trees regardless of the duration (Silker 1948, Hall and Smith 1955, McAlpine 1961).
Even some of the least flood tolerant hardwoods such as yellow poplar (Liriodendron
tulipifera L.) are capable of surviving dormant season flooding, but die after only a few
days of flooding during growing season (McAlpine 1961). During the growing season,
flooding becomes much more stressful when water reaches depths that cover the foliage.
Smaller seedlings are more likely to be overtopped by floodwaters and experience more
negative effects of flooding (Hall and Smith 1955, Hosner 1960a). Healthy, vigorous
trees within any given species show the greatest ability to withstand flooding and
saturated soil (Yeager 1949). Also, flooding after planted seedlings have experienced
one growing season and overcome stress from transplanting seems to be less harmful
10

than flooding during the year the seedlings are planted (Krinard and Johnson 1981). Hall
and Smith (1955) noted that established trees can survive growing season flood durations
exceeding those in which they naturally occur.
Numerous studies have focused on the physiological effects of flooding on
various tree species. Flooding can cause closure of leaf stomatae, reduction of
photosynthesis, alteration of hormonal balances, acceleration of ethylene production,
hypertrophied lenticels, and decreased nutrient uptake (Tang and Kozlowski 1982,
Kozlowski and Pallardy 1984). By creating anaerobic conditions in the rhizosphere
during the growing season (Teskey and Hinkley 1977), flooding promotes immediate
dormancy or death of the root system (Hosner and Boyce 1962, Broadfoot and Williston
1973). The inhibition of root growth leads to the inability of the smaller root system to
supply adequate water to meet the transpiration requirements of the crown later in the
growing season (Kozlowski 1985).
Many bottomland species have adapted various characteristics such as, formation
of aerenchyma, hypertrophy of lenticels, and regeneration of new roots, enabling them to
survive in anaerobic conditions. Many less flood tolerant species that experience
prolonged flooding during the growing season recover slowly and incompletely (Pezeshki
and Chambers 1985). However, more flood tolerant species have the ability to recover
completely (Kozlowski and Pallardy 1979). Also, Some of the more flood tolerant
species such as water hickory (Carya aquatica (F. Michaux) Nutt.), overcup oak
(Quercus lyrata Walt.), and sweetgum (Liquidambar stryraciflua L.) avoid stresses
associated with early growing season flooding by delaying leaf initiation as much as a
month later than other species (Broadfoot and Williston 1973).
11

High survival rates have been attributed to short-term flood pulses during the
early growing season (Chamberlain and Leopold 2005). Periodic flooding for 2-7 days
during the growing season improved survival by reducing rodent damage to seedlings.
However, flood pulses greater than seven days seemed to reduce survival. Conversely,
McCasland et al. (1998) found that herbivory of Nuttall oaks by tussock moths (Orgyia
leucostigma) increased with flooding. Farmer and Pezeshki (2004) noted that survival
and height growth of Nuttall oak seedlings inundated to 5 cm above the soil surface for
alternating 10 day periods early in the growing season were significantly lower than an
unflooded control. In a similar study, Anderson and Pezeshki (1999) studied the effects
of intermittent flooding on germinants of baldcypress (Taxodium distichum (L.) Rich.),
Nuttall oak, and swamp chestnut oak (Quercus michauxii Nutt.). Seedlings were
transplanted and flooded for 5 days and drained for 5 days for 3 complete cycles starting
in June. Survival was not significantly reduced in any species, but height growth was
significantly reduced in Nuttall oak and swamp chestnut oak.

Midstory Control
Understanding the ecology of oak seedlings may lead to the use of cultural
treatments that improve oak reproduction. Most oaks are classified as shade intolerant
(Burns and Honkala 1990); therefore, they require more light than is typically available
on the forest floor of mature hardwood stands. Along with an established overstory, the
presence of a dense midstory/understory occupied by shade tolerant species may prevent
the development of oak advance regeneration (Lorimer 1993). In most bottomland
hardwood stands, the understory is dominated by undesirable species that compete with
12

the preferred oaks (Johnson and Biesterfeldt 1970). Regeneration efforts that result in
removal of the overstory without controlling the undesirable midstory may result in a
stand with a decreased proportion of oaks (Johnson 1979).
Midstory and understory control is used to promote oak seedling establishment
under a hardwood overstory by increasing light availability to the forest floor (Hodges
and Gardiner 1993, Peairs 2003, Guttery 2006). Midstory control can be used to decrease
the amount of undesirable species while enhancing environmental conditions conducive
to the regeneration of shade intolerant oaks. Ezell et al. (1999) showed that herbicide
application to the midstory resulted in excellent overall control of injected stems with no
damage occurring to the overstory crop trees. Peairs et al. (2004) found that midstory
control using injections of imazapyr promoted regeneration of desirable species while
removing less desirable stems and increasing sunlight penetration to the forest floor.
Dillaway and Stringer (2006) found that oak advance regeneration showed no height
growth response to a midstory removal but did significantly increase basal diameter.
Janzen and Hodges (1985) found that midstory injection significantly increased the
number of oak seedlings greater than one year of age, increased the number of oak
germinants, and increased the height growth of new cherrybark oak (Quercus pagoda
Raf.) seedlings when compared to control plots. Lockhart et al. (1993) found higher
survival of seedlings in midstory control plots four years after treatment when compared
to plots receiving no treatment.
The use of midstory control has also been found to significantly increase the
amount of light reaching the forest floor (Guttery 2006). Light availability in plots
receiving midstory control and plots not receiving midstory control averaged 31% and
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14%, respectively. Steele et al. (1993) found that underplanting cherrybark oak seedlings
in combination with cutting and applying herbicide to all non-red oak woody vegetation
in a southeastern South Carolina mixed bottomland hardwood forest increased the red
oak component of the stand by threefold after two years compared to areas with cutting
and herbicide control only.

GTR Management
GTR management provides excellent habitat for waterfowl and exceptional
recreational opportunities for hunters. Therefore, the conversion of bottomland
hardwoods to GTRs was enticing to land managers interested in waterfowl habitat
management. Most states within the LMAV had GTRs in operation by 1963 (Rudolph
and Hunter 1964), and more than 100 bottomland hardwood areas were being managed as
GTRs by 1989 (Wigley and Filer 1989). In time, observations within GTRs led to
concerns over the health of the timber as well as the waterfowl hunting opportunities
provided by the forested wetlands.
Natural flooding in the LMAV results from surface ponding, rainfall, and/or
overflow from rivers and streams (Fredrickson and Heitmeyer 1988). However, GTRs
and natural sites differ in regards to timing and duration of flooding. GTRs are typically
flooded earlier and for longer periods than natural areas (White 1985). Early studies
showed the benefits of annual flooding and GTR management (Merz and Brakhage 1964,
Broadfoot 1960, Broadfoot 1967, Broadfoot and Williston 1973). Dormant season
flooding has been shown to increase tree growth by as much as 50% (Broadfoot 1967,
Broadfoot and Williston 1973). Broadfoot (1960) even suggested that about 6 to 12
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inches of water impounded in September or October and drained in April would be
beneficial to hardwood growth, especially during dry summers. More recent studies have
shown the detrimental effects associated with annual flooding and GTR management
(Malecki et al. 1983, Schlaegel 1984, Wigley and Filer 1989, King 1995, Covington and
Laubhan 2005, Hertlein and Gates 2005, Guttery 2006).
Wigley and Filer (1989) reported that ninety-five percent of GTRs were flooded
annually, and that low regeneration of desirable species and tree mortality were the most
common problems associated with GTR management. Ideally, flooding should not be
initiated until trees have entered a state of dormancy, and water should be drawn down
before trees break dormancy in the following growing season (Mitchell and Newling
1986). However, increases in the duration of flooding into the growing season can occur
directly from intentional flooding of the impoundment by managers or incidentally
through interactions between weather, design features, beaver activity, and management
strategies (King and Allen 1996). Also, flooding in the fall before trees enter dormancy
can be detrimental to the vigor of the stand (Black 1984). Trees able to recover from
weeks of early growing season flooding may experience severe mortality when flooded
for the same duration in the fall (Loucks 1987).
Schlaegel (1984) found cubic-foot volume growth of Nuttall oak to be
significantly reduced in a GTR that had been annually flooded for 17 years compared to a
nearby unflooded area. Furthermore, Malecki et al. (1983) found a decrease in growth
rates for trees in GTRs compared to those in naturally flooded areas. However, Francis
(1983) noted that diameter growth of Nuttall oak was about the same in flooded and
unflooded areas. Smith (1984) found basal swelling damage in pin oak, cherrybark oak,
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and southern red oak (Quercus falcata Michx.) in a Missouri GTR causing longitudinal
fissures and exposing the xylem to potential insect or disease. Malecki et al. (1983) and
King et al. (1998) showed that increased stress was induced on trees in GTRs. Hertlein
and Gates (2005) found that areas managed as GTRs had a significantly higher stress
index compared to areas not under GTR management.
Some studies have suggested that GTR management can cause a shift in species
composition to more water tolerant communities (Fredrickson 1979, Conner et al. 1981,
Martin 1983, Weller 1989, Hertlein 1994, Young et al. 1995, King and Allen 1996,
Guttery 2006). A study by King et al. (1998) suggested that a forest managed as a GTR
was progressing to a more water-tolerant community dominated by overcup oak.
Mortality rates of willow oak and Nuttall oak were higher compared to overcup oak. All
species experienced higher mortality at lower elevations with higher water levels, but
overcup oak mortality was not as pronounced at the lower elevation. King (1995) and
Young et al. (1995) found overcup oak to be the dominant seedling species in GTRs in
Mississippi and Texas, respectively. Young et al. (1995) also noted that overcup oak
seedlings were only a minor species in a naturally flooded area. Newling (1981) found
that overstory importance values were the same for a hardwood stand under GTR
management for 18 years and a naturally flooded area. However, differences in species
composition were observed in the midstory. The GTR had greater stem density but fewer
species than the naturally flooded area. Martin (1983) compared wet and dry areas of
four GTRs in Louisiana and found more shrub and small tree species on dry areas
compared to wet areas indicating that flooding was excluding some species.
Furthermore, overcup oak represented 228% more BA in GTRs than in naturally flooded
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areas. Hertlein (1994) found that red oaks dominated the overstory in a Missouri GTR.
However, oak species comprised only 5% of the BA and 7% of the stems in the
midstory/understory. A gradual shift from pin oak to less desirable and more flood
tolerant overcup oak has been observed in a Missouri GTR under management for 20
years (Fredrickson 1979, Smith 1984).
It is unlikely that natural flooding prevents germination of bottomland hardwood
seeds (Briscoe 1961, DuBarry 1963, Larsen 1963, Guo et al. 2002). Submersion of
acorns for up to eight weeks did not reduce germination rates (Larsen 1963). However,
most GTRs are flooded from mid-November to mid-February (Wigley and Filer 1989),
and water can persist on site well into the growing season. Therefore, acorns in GTRs
may be under water for periods of more than 90 days. King (1994) found that
germination of willow oak acorns was significantly reduced when flooded for 90 days
compared to flooding for 60 days. Additionally, Minckler and McDermott (1960) citing
unpublished data from Hosner (1960b) noted high germination of pin oak acorns stored
in pond water from November until May. However, Minckler and McDermott (1960)
showed that winter flooding was detrimental to the establishment of pin oak germinants.
An unflooded area had 3,500 seedlings per acre but a flooded area had only 56 per acre
despite the fact that more sound acorns were produced in the flooded area. It was unclear
if the lower number of seedlings was due to acorns not germinating or seedlings dying
after germination. Advanced reproduction of desirable red oaks is not typically common
in the understory of annually flooded GTRs, and the use of artificial regeneration may be
necessary to provide adequate numbers of desirable oaks when advanced reproduction of
desirable red oaks is lacking (Clatterbuck and Meadows 1993, Lorimer 1993). Some of
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the more flood tolerant species seen in GTR management include water hickory,
sugarberry (Celtis laevigata Willd.), overcup oak, water elm (Planera aquatica J.F.
Gmelin), and water locust (Gleditsia aquatica Marsh.) (Hook 1984). However, these
species are not a preferred food source compared to some of the less water tolerant oaks.
Barras et al. (1996) found that wood ducks most commonly consumed acorns of willow
oak, cherrybark oak, water oak (Quercus nigra L.), Nuttall oak, and pin oak.
Furthermore, mallards tend to prefer acorns from willow oaks, water oaks, and Nuttall
oaks (Allen 1980, Dabbert and Martin 2000).
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CHAPTER III
METHODS

Study Area
The study was conducted in two GTRs near Stuttgart, in Arkansas County,
Arkansas. The Monsanto Farm and Wildlife Management Center, owned by the
Monsanto Corporation, is located approximately 5 miles south of Stuttgart, Arkansas.
The other study site, Five Oaks Wildlife Services, is located approximately 25 miles
south of Stuttgart. Both sites consist of impounded bottomland hardwood stands and are
intensively managed for waterfowl. The dominant soil on both areas is Perry clay (Vertic
Haplaquepts) with an average pH of 5.8. Both sites have a 0-1 percent slope and are
poorly drained.
The Monsanto site has approximately 720 acres of standing timber on the 3,000
acre farm (Guttery 2006). The stand was converted into a GTR shortly after World War
II and has been flooded annually for more than 50 years. The elaborate internal levee
system separates the area into 14 individual compartments of varying size. Typically the
water gates are closed in September to catch any rainfall occurring in late Fall. The GTR
is then manually flooded by a series of pumps in September or early October depending
on the previous summer rainfall. Impounded water comes from one of three sources:
rainfall, a large reservoir, and King’s Bayou, which runs through the center of the GTR.
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In 2007, flooding was initiated at the beginning of October and pumped from King’s
bayou. Once the area is impounded, the water control structures remain closed until the
end of the waterfowl hunting season to provide recreational opportunities for hunters and
habitat for wintering waterfowl. However, the area has a very flat topography and water
is slow to recede. Water can remain on some areas until late spring in some years. The
species composition on the site is well documented, with the overstory being dominated
by overcup oak and willow oak (Guttery 2006).
The stand at the Five Oaks site is a newly established GTR, and the history of the
stand is not well known. It was acquired in 2004 and converted into a GTR. It was
originally a naturally flooded bottomland hardwood stand directly adjacent to Bayou
Meto. Five Oaks installed levees, water control structures, and pumps to better control
the surface hydrology in the GTR. One internal levee divides the GTR into an 88 acre
block to the north and a 48 acre block to the south. The major tree species in the
overstory are sugarberry, pecan (Carya illinoinensis Wang.), winged elm (Ulmus alata
Michx.), and American elm (Ulmus americana L.), with intermixed Nuttall oak and
willow oak. The area was historically flooded when Bayou Meto topped its natural levee.
Since the installation of the levees, the flooding regime now implemented on the site is
cyclic and varies from year to year. The inundation of the GTR is either early (Nov. 1Nov. 25), mid (Nov. 26-Dec. 10), late (later than Dec. 10), or left unflooded. In 2007,
flooding was initiated in mid-November and drained at the end of the waterfowl hunting
season in the flooded block.
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Experimental Design
A split plot design was utilized in this experiment with flooding as the whole plot
factor and midstory control as the subplots arranged in randomized complete blocks as
paired comparisons. The experimental unit is the plot that has its own unique
combination of flooding and midstory control. The study is completely replicated at each
site.
Each site contained a flooded and an unflooded unit completely surrounded and
separated by a levee. Three 300 ft by 600 ft blocks were established directly adjacent to
one another within both flooded and unflooded units, giving a 900 ft by 600 ft study area
in each flooding treatment. Each block contained two 150 ft by 600 ft plots that were
randomly assigned to a midstory control treatment (midstory removal or no midstory
removal). This resulted in six plots per flooding regime and twelve plots per site. The
plot corners were marked with pieces of rebar driven into the ground leaving
approximately four feet visible. The rebar was fitted with colored flagging and an
aluminum tag for plot identification. Pin flags and colored flagging were used to connect
plot corners and delineate plot boundaries.

Flooding Regime
Managers at the Monsanto site used water pumped from King’s Bayou directly
adjacent to the GTR impoundments. Managers at the Five Oaks site pumped water from
Bayou Meto which runs along the edge of the GTRs. The timing of flood initiation was
different for each site. Managers at the Monsanto site started pumping water at the
beginning of October 2007, while managers at the Five Oaks site didn’t begin pumping
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until the middle of November 2007. The pump at the Monsanto site was responsible for
impounding a much larger area than the pump at the Five Oaks site, because a single
pump supplied water for six individual impoundments as opposed to the pump at the Five
Oaks site supplying water to one impoundment. However, water was present on the
study area by the beginning of October at the Monsanto site, and by the middle of
November at the Five Oaks site. Dormant season water levels were recorded at eight
established sampling points distributed evenly along each row of planted trees to
determine water levels within each block. The water level at each site remained
relatively constant throughout the winter while the water control structures were closed.
The average dormant season water level in the flooded blocks was 15 inches and 26
inches for the Monsanto site and the Five Oaks site, respectively. The water control
structures at both sites were opened soon after the waterfowl hunting season. Due to the
larger area being drained at the Monsanto site, it took longer for all of the water to move
out of the impoundment.
After water was released in mid February, major rainfall events during the early
spring of 2008 caused severe flooding of King’s Bayou at the Monsanto site and Bayou
Meto at the Five Oaks site. The levees were overtopped and the flooded and unflooded
treatment areas experienced complete inundation for most of the early growing season.
However, water was completely drained from both sites by the end of May.

Seedling Establishment and Measures
Each plot was planted with 100 good quality, nursery run, 1-0 bareroot willow
oak seedlings purchased from the Molpus Timberlands Nursery near Elberta, Alabama.
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The majority of seedlings were between 18 and 24 inches long with more than eight firstorder lateral roots. Both sites were planted by Mississippi State University personnel.
Prior to planting, 100 pin flags were set linearly at five foot intervals down the center of
each plot. Every fifth pin flag was numbered for easier seedling identification. On 9
March 2007, a seedling was planted beside each of the previously established pin flags.
The planting was initiated as soon as the standing water had been drained from the GTRs.
A few seedlings were planted in depressions that still retained some surface water, but
none of the depressions contained more than five inches of standing water. Planting
shovels were used to make slits large enough to completely encompass the root systems.
There were 1,200 willow oak seedlings planted at each location for a total of 2,400
seedlings in the study.
Meter sticks and digital calipers were used to measure all seedlings in the study.
Initial height in centimeters and ground line diameter (GLD) in millimeters were
recorded for each seedling at the end of March 2007. First-year final height and GLD
were recorded for all living seedling at the end of September 2007 before flooding was
initiated. Final height and GLD for the second growing season were recorded at the end
of September 2008.
Seedling survival was recorded monthly from May 2007 through September 2007
during the first growing season. During the second growing season, survival was
recorded bi-monthly from May 2008 through September 2008. Seedling survival was
based on ocular evaluation, and trees were considered living if a green cambium was
present. Missing trees were classified as dead. If a tree classified as dead resprouted, it
was reinstated into earlier survival estimations.
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Midstory Injection
Half of the plots in each flooding treatment area received a midstory control
treatment. The midstory injection was performed in mid-October of 2007, one growing
season after seedlings were planted. All undesirable species, not in the overstory and
within the injection plot boundaries, were injected with a 20% solution of Arsenal AC®.
The herbicide was applied with a 1-quart squirt bottle and a hatchet. One milliliter of
solution was applied per hack to the bole of the tree (Ezell et al. 1999). Each tree
received one hack for every 3-inches of diameter at breast height.

Hemispherical Photography
Within each plot, eight permanent light sampling points were established with
polyvinylchloride (PVC) pipe placed directly adjacent to a planted seedling. A sampling
point was placed beside the first and last seedling in each row and the other six were
evenly distributed within the 500 ft row. Hemispherical images were collected using a
Nikon 990 digital camera® with a hemispherical fisheye lens attached to a self-leveling
mount. A tripod was used to steady the camera and elevate it to approximately 4.5 ft
above the ground. An image was taken at each sampling point making sure the camera
was level and the mount was oriented with the built-in compass (Guttery 2006). All
photographs were taken within two hours after sunrise in the morning and two hours
before sunset in the evening to avoid any distortions from direct sunlight or reflections of
the sun on the underside of leaves. A total of 192 photographs were taken in mid-July of
2007 and 2008.
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All hemispherical photographs were analyzed using the HemiView® computer
program. Each digital photograph was used to calculate the proportion of visible sky, the
indirect site factor (ISF), the direct site factor (DSF), and the global site factor (GSF).
These site factor values give the proportion of “solar radiation reaching a given location,
relative to a location with no sky obstruction” (Rich et al. 1998). ISF gives the diffuse
radiation, DSF gives the direct radiation, and GSF gives the total radiation. The
proportion of visible sky gives the percent sky that is not obstructed by the canopy.

Acorn Production
A previous study on the farm at the Monsanto site was conducted by Guttery
(2006) to quantify willow oak acorn production in the GTR. Acorn traps consisted of
four 1.52 m pieces of metal conduit for legs, a square frame (area = 1 m2 ) constructed
from treated lumber, a catchment area and funnel made of plastic mesh screen, and a
plastic collection bottle. Throughout the GTR, 40 acorn traps were placed such that the
entire GTR was sampled relatively evenly. Traps were placed in a random direction
halfway between the bole and the edge of the canopy of selected trees. Diameter at
breast height (dbh) and crown radius in each cardinal direction were recorded for each
sample tree. Guttery (2006) collected acorns approximately every 14 days during the
time acorns were falling for 2004 and 2005. During this study, traps were checked
according to the same procedure in 2006 and 2007. Collections began in October in all 4
years and concluded when traps contained no acorns. Typically, acorn production had
ceased by the beginning of December. Throughout the study, data from some traps were
lost due to death of sample trees or irreparable damage to traps from fallen trees. The
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number of traps sampled each year was 40, 38, 39, and 37 in 2004, 2005, 2006, and 2007,
respectively. Acorns were subjected to a float test in labs at Mississippi State University
to determine the number of sound and unsound acorns from each collection. Unsound
acorns resulted from insect infestation, abortion by the tree, and/or damage from arboreal
feeders.
Sample trees were grouped into 5 cm dbh classes. Trees ranged in dbh from 35
cm to 85 cm, with the majority of stems falling between 45 cm and 65 cm. Using
overstory vegetation inventory data from Guttery (2006), the average number of willow
oak trees per hectare was used to estimate the number of acorns per hectare for each
diameter class.
Using data from Guttery (2006), the average crown radius was used to calculate a
conversion factor to extrapolate acorn production across the entire crown of each sample
tree. Production of sound, unsound, and total acorns for each tree was then calculated for
all four years. The average number of sound, unsound and total acorns was calculated by
each diameter class. A random sample of acorns (n = 585) was used to determine the
average weight of a single willow oak acorn (Guttery 2006). That weight was used to
calculate the number of sound acorns required to weigh 1 kg. Then, the average weight
of sound acorns produced for each diameter class was calculated. Identical to Guttery
(2006), the total production of sound, unsound, and total acorns by diameter class for the
entire GTR was estimated using trees-per-hectare. The average acorn production per tree
as well as measures of variability was calculated to investigate the variability of acorn
production. (PROC MEANS, SAS Institute 2004). These calculations were performed
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assuming that the trees sampled were representative of overstory willow oak trees across
the entire site.

Data Analysis
Statistical analyses were performed using PROC SORT, PROC MEANS, PROC
GLM, and/or PROC GLIMMIX in Statistical Analysis System (SAS) software version
9.1.3®.

Seedling Survival and Growth
Since all seedlings were planted under an intact overstory, there was only one
treatment during the first growing season. Treatments were not initiated until after
seedlings had completed one growing season in the field; thus, first-year and second-year
data were analyzed separately.

First-year Survival and Growth
An arcsine transformation on seedling survival data was performed to normalize
the binomial distribution. Analysis of variance (ANOVA) was performed on the
transformed values (PROC GLM). Individual tests for significance were used to see if
survival differed between sites or among evaluation dates. Duncan’s New Multiple
Range Test (DNMRT) was used to separate means when interactions were significant. A
2-tailed t-test was used to test for significant seedling height growth at each site under the
null hypothesis that initial height did not differ from final height. The 2-tailed t-test was
also performed on GLD growth.
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Second-year Survival and Growth
All second-year survival and growth data were analyzed using PROC GLIMMIX
command in SAS 9.1.3. A mixed model ANOVA was used to test for main effects and
interactions that occurred on mortality and growth. The fixed effects for this analysis
were flooding and midstory injection. Once the ANOVA had been conducted, means
were separated using least squared means at the 95 percent confidence interval. All tests
for treatment effects were performed on mortality for the specified time period. In the
mortality data, each plot was treated as an experimental unit. In the growth data, each
seedling was treated as an experimental unit.
Analyses were performed for two different time periods in the second year.
Flooding effects on percent mortality were analyzed for the time period October 2007 to
May 2008. Mortality was calculated by subtracting the number of seedlings living at the
May 2008 evaluation date from the number of seedlings living at the September 2007
evaluation date and dividing the result by the number of seedlings living at the September
2007 evaluation date.
Flooding and midstory injection effects on percent mortality were also analyzed
for the time period May 2008 to September 2008. Mortality was calculated by
subtracting the number of trees living at the September 2008 evaluation date from the
number of trees living at the May 2008 evaluation date and dividing the result by the
number of trees living at the May 2008 evaluation date.
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Hemispherical Photography
Analysis of light availability was performed for each site factor (ISF, DSF, and
GSF) at each site independently. Analysis of variance was performed on the difference
between second year values minus first year values for each site factor. Least squares
means were used to separate any differences among treatments.
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CHAPTER IV
SURVIVAL AND GROWTH RESULTS AND DISCUSSION

First Growing Season Results and Discussion
During the first growing season, trees were planted and allowed to grow under an
intact canopy. Therefore, all 2,400 seedlings were in the same treatment.

Survival
Average percent survival values for both sites by evaluation date are found in
Table 4.1. Individual F-tests demonstrated that October (final) survival did not differ by
site (F-value = 1.29, p-value = 0.2684) (Monsanto = 89.42 percent, Five oaks = 85.83
percent). Since final survival did not differ between sites, further analysis of first year
survival was conducted for both sites combined. Individual F-tests showed that survival
differed by evaluation date (F-value = 23.99, p-value = <0.0001), but there was no
significant interaction between site and evaluation date (F-value = 0.54, p-value =
0.7090). Duncan’s Multiple Range Test (DMRT) indicated that survival for June (99.75
percent), July (99.08 percent), and August (97.13 percent) were not significantly
different, but survival for September (91.92 percent) and October (87.63 percent) were
significantly different (Table 4.2). September and October evaluation dates were also
significantly different from one another.
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Table 4.1 Percent survival by date and site for 1-0 bareroot willow oak seedlings during
the first growing season.
Date
Site
Monsanto
Five Oaks
1

Jul 07
%Survival

Aug 07
% Survival

Sep 07
% Survival

Oct 07
% Survival

99.4a1
98.8a

98.8a
95.5a

93.3a
90.6a

89.4a
85.8a

Values in a column followed by the same letter do not differ at α = 0.05

Table 4.2 Survival by date during the first growing season for the Monsanto site and the
Five Oaks site combined.

1

Date

Survival

June
July
August
September
October

99.75a1
99.08a
97.13a
91.92b
87.63c

Values in a column followed by the same letter do not differ at α = 0.05

Mortality during the first growing season could most likely be attributed to a
combination of factors. Observations throughout the growing season indicated that
causes of mortality could have been the result of poor planting, microsite factors,
drought, low light, or a combination of these factors. Poor planting quality, where the
root collar was exposed, was not a major problem as evidenced by the June survival, but
some mortality in one particular plot may have been the result of seedlings being planted
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with root collars above the soil surface. Some seedlings experienced mortality,
apparently, from being planted in depressions and natural drains within the GTRs.
During early growing season rain events, these depressions and drains usually retained
surface water for extended periods, and these seedlings were usually the first to show
signs of stress.
Because survival was high through July but started to decline August through
October, it is likely that late summer drought with associated lack of soil moisture was a
major contributor to seedling mortality. The summer of 2007 was dry with rainfall being
less than average for every month during the growing season except July according to a
local weather station, and severe cracking of the clay soils was noted in the planting slit
of many seedlings. Most of the seedlings that experienced severe cracking of the soil
died. Some seedlings’ root systems had literally lost contact with the soil and could be
lifted from the ground with ease. Most of the cracking was less severe, and many
seedlings survived even when the planting slit had opened slightly. Also, excess early
growing season soil moisture and low light in the understory may have inhibited root
growth and made trees more susceptible to the late season drought. Because some
juvenile oak species seem to have a growth strategy that favors root growth over height
growth (Crow 1988), areas managed as GTRs may present additional problems in oak
reproduction by inhibiting root development during flood events. The combination of
low light in the understory (between 10 and 12 percent of full sunlight; see Chapter 5)
and the late season drought probably contributed to a majority of the mortality seen
during the first growing season.
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First growing season survival (mean = 87.63 percent) in this study is slightly
lower than, but still similar to, other studies in which oaks were planted under
undisturbed canopies. Chambers et al. (1987) found 94.5 percent survival for Nuttall oak
and 91.3 percent survival for water oak seedlings planted in a bottomland hardwood site
with an overstory dominated by eastern cottonwood (Populus deltoides Bartr. ex Marsh.)
and black willow (Salix nigra Marsh.), and an understory dominated by boxelder (Acer
negundo L.) and red maple (Acer rubrum L.). Dey and Parker (1997) found greater than
99 percent survival of underplanted northern red oak (Quercus rubra L.) seedlings under
an uncut hardwood stand in Ontario, Canada. Lockhart et al. (1993) reported greater than
90 percent survival of cherrybark oak seedlings after 2 years under a mature stand.
Wishard et al. (1999) using Shumard oak (Quercus shumardii Buckley) and Walters and
Reich (1996) and Gottschalk and Marquis (1982) using northern red oak reported greater
than 90 percent survival of underplanted oak seedlings. The high survival in these
studies may be the result of higher light intensities in the understory relative to the light
intensities in the understory of this study. Also, seedlings may be able to survive most of
the first year by relying on stored reserves.

Growth
In the first year height and GLD growth analysis, plot means were considered
experimental units. Initial height and final height values for each site are found in Tables
4.3 and 4.4. The pooled t-test demonstrated that height growth at the Five Oaks site
(mean = 6.91 cm) was not significantly different from height growth at the Monsanto site
(mean = 5.90 cm) (p-value = 0.1115). Since measurements were repeated on the same
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seedlings, a paired t-test was used to test for differences between initial and final height.
Results from the paired t-test showed that final height was significantly greater than
initial height for both the Monsanto site (p-value = <0.0001) and the Five Oaks site (pvalue = <0.0001).

Table 4.3 Initial and final height during the first growing season at the Monsanto site.
Monsanto

Initial Height
Final Height
1

Mean
Height (cm)
55.52a1
61.43b

Std Error

Lower
95% Cl

Upper
95%Cl

0.64
0.53

54.11
60.26

56.93
62.60

Values in a column followed by the same letter do not differ at α = 0.05.

Table 4.4 Initial and final height during the first growing season at the Five Oaks site.
Five Oaks

Initial Height
Final Height
1

Mean
Height (cm)

Std Error

Lower
95% Cl

Upper
95% Cl

56.79a1
63.62b

0.34
0.57

56.06
62.36

57.53
64.87

Values in a column followed by the same letter do not differ at α = 0.05.
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Initial and final GLD values for each site are found in Table 4.5 and Table 4.6.
Overall, GLD growth was very minimal during the first growing season. Some seedlings
even had negative values for the difference between initial and final GLD. The seedlings
exhibiting negative growth were omitted from the data set. These negative values were
most likely due to the lack of consistency when measuring seedlings with such minimal
differences in final and initial GLD.
The pooled t-test indicated that GLD growth at the Monsanto site (mean = 0.13
mm) did not differ from GLD growth at the Five Oaks site (mean = 0.12 mm) (p-value =
0.9212). A paired t-test was used to test for differences in final and initial GLD for each
site. At the Monsanto site, final GLD (mean = 5.68 mm) was significantly greater (pvalue = 0.0097) than initial GLD (mean = 5.55 mm). Although final and initial GLD
were significantly different, the difference of only 0.13 mm may not be important
biologically. However, at the Five Oaks site, final GLD (mean = 6.21 mm) was not
significantly greater (p-value = 0.0895) than initial GLD (mean = 6.09 mm). Mean GLD
growth was similar at both sites but only significant at the Monsanto site indicating that
variability was higher at the Five Oaks site.
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Table 4.5 Initial and final GLD during the first growing season at the Monsanto site.
Monsanto
Mean
GLD (mm)

Std Error

Lower
95% Cl

1

0.09
5.35
Initial GLD
5.55a
Final GLD
5.68b
0.07
5.53
1
Values in a column followed by the same letter do not differ at α = 0.05.

Upper
95% Cl
5.75
5.83

Table 4.6 Initial and final GLD during the first growing season at the Five Oaks site.
Five Oaks
Mean GLD
(mm)

Std Error

Lower
95% Cl

Initial GLD
6.09a1
0.16
5.74
Final GLD
6.21a
0.17
5.83
1
Values in a column followed by the same letter do not differ at α = 0.05.

Upper
95% Cl
6.44
6.59

During the first growing season, all seedlings were grown under an intact canopy
with little light reaching the forest floor. Oaks are typically able to persist under closed
canopy environments for at least 1 year but usually do not grow unless some disturbance
increases light availability on the forest floor. Krajicek (1961) noted that some natural
pin and willow oak seedlings were capable of living under a crown canopy for up to 30
years. Johnson (1975) reported that Nuttall oak natural regeneration persisted under a
canopy for 15 years but was only 3 feet tall.
Height growth results in this study (mean = 6.37 cm) are comparable to other
studies reporting growth of oak seedlings planted under intact canopies. Dillaway and
Stringer (2006) reported approximately 5 cm of growth for white oak (Quercus alba L.)
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seedlings during the first growing season. Cherrybark oak seedlings (Lhotka and
Loewenstein 2006) and northern red oak seedlings (Dey and Parker 1997) have shown
similar results, growing approximately 5 cm during the first growing season. Oswalt et
al. (2004) reported better growth for high quality northern red oak seedlings (22 cm)
under an intact canopy. Guttery (2006) planted Nuttall oak and willow oak seedlings in
areas where the midstory had been removed at the Monsanto site used in this study.
Willow oak and Nuttall oak seedlings had a mean height growth of 5.46 cm and 4.14 cm,
respectively, during the first growing season (Guttery 2006).
Oaks under low light usually produce only 1 growth flush early in the first
growing season, but seedlings growing under higher light levels can exhibit multiple
growth flushes throughout the growing season (Phares 1971). Phares (1971) reported
that northern red oak seedlings grown from acorns in 10 percent light had a large initial
height increase during the first 2 weeks of June but did not grow during July and August.
However, seedlings in 30 and 100 percent light did not grow as much early in the
growing season but exhibited additional growth flushes in July and sometimes August.
The seedlings in the 30 percent, and to a lesser extent the seedlings in the 100 percent
light, were taller than seedlings in the 10 percent light intensity by the end of the first
growing season. Some studies have shown that cherrybark oak and northern red oak
seedlings achieve maximum photosynthesis at intermediate light levels (Loach 1970,
Musselman and Gatherum 1969, Gardiner and Hodges 1998). Kolb and Steiner (1990)
found no significant difference in northern red oak overall biomass after 1 year for trees
grown under 100 and 37 percent sun. Typically, the effects of light on growth do not
become apparent until after the second growing season (Gardiner and Hodges 1998). It is
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possible that during the first growing season, planted seedlings are relying heavily on
stored reserves generated from photosynthesis while in the nursery.
The small diameter growth in this study can likely be attributed to the low light
since radial growth of seedlings tends to increase with increased light availability (Kobe
et al. 1995). Another possible factor contributing to the small increase in diameter
growth was again the late summer drought. GLD growth during the first growing season
at both sites was small and lower than other comparable studies. Oswalt et al. (2004)
reported a 0.56 mm increase in GLD during the first growing season for high quality
northern red oak seedlings planted under an intact canopy. In another study, white oak
seedlings had a GLD increase of approximately 0.60 mm under 10 percent light
(Dillaway and Stringer 2006). Dey and Parker (1997) noted that only 4 percent of
northern red oak seedlings exhibited positive GLD growth during the second growing
season under dense canopy cover. At the Monsanto site, Guttery (2006) found slightly
better first year GLD growth for willow oak seedlings (0.26 mm) and Nuttall oak (1.88
mm) planted after midstory removal increased light levels to approximately 30 percent
full sunlight. Day et al. (1998) reported that GLD growth ranged from 0.3 mm to 1.3 mm
for willow oak and Nuttall oak seedlings, respectively, depending on the time of planting,
while Motsinger (2006) reported no GLD growth during the first growing season for pin
oak in a Missouri GTR.

Second Growing Season Results and Discussion
During the second growing season, half of the seedlings were artificially flooded
during the dormant season and half were left unflooded. Also, the midstory was
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controlled using herbicides in half of the plots. The effects of flooding and midstory
injection on the survival and growth of planted seedlings was analyzed for each site
independently.

Survival Results
Survival data associated with the second growing season were analyzed for two
different time periods. This was done because treatment effects on seedlings were not
initiated at the same time. Mortality was analyzed for the time period between the end of
the first growing season (October 2007) and the beginning of the second growing season
(May 2008) to test for any effects of winter flooding on dormant season mortality.
Percent mortality occurring between the end of the first growing season and the
beginning of the second growing season was analyzed to test for effects of flooding and
midstory injection, but analysis of midstory injection effects are not reported since trees
were dormant during this time period. Percent mortality occurring between May 2008
and September 2008 was analyzed to test for effects of midstory injection and any
residual flooding effects. Analysis was performed for both the Monsanto and the Five
Oaks sites independently.

Monsanto
Spring rains caused complete inundation of flooded and unflooded blocks
multiple times between March 2008 and mid-May 2008. Surface water remained on the
site during this time but was completely drained by the end of May 2008 except for
scattered depressions that held some surface water.
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Overall, mean survival at the Monsanto site at the end of the first growing season
(October 2007) season was 89.4 percent. Mean survival at the beginning of the second
growing season after flood waters subsided (May 2008) was 80.3 percent. Percent
mortality between October 2007 and May 2008 was significantly different between
flooding treatments (p-value = 0.0006) (Table 4.7). Mean percent survival and percent
mortality by flood treatment at the end of the first growing season 2007 and the
beginning of the second growing season 2008 are presented in Table 4.8. Trees in the
flooded block exhibited significantly higher mortality than trees in the unflooded block.
In the flooded block, mean survival was reduced from 90.67 percent before dormant
season flooding to 77.17 percent after dormant season flooding. In the unflooded block,
mean survival was reduced from 88.17 to 83.33 percent during this period. Mortality in
the flooded block (15.24 percent) was significantly greater than mortality in the
unflooded block (5.52 percent).

Table 4.7 Analysis of variance for flooding effects on survival from October 2007 to
May 2008 at the Monsanto site.
Effect
Flooding

Num DF

Den DF

F Value

PR>F

1

10

23.91

0.0006
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Table 4.8 Survival means and percent mortality by flood treatment for the time period
between October 2007 and May 2008 at the Monsanto site.
Treatment Means

Oct-07 % Survival1
May-08 % Survival
3

% Mortality

2

Flood

No Flood

90.67

88.17

77.17

83.33

15.24a

4

5.52b

1

Mean percent survival for October 2007 prior to any flooding
Mean percent survival for May 2008 after flooding
3
Mean percent mortality by flood treatment from October 2007 to May 2008
4
Values in a row followed by the same letter do not differ at α = 0.05
2

The effects of midstory injection and dormant season flooding on percent
mortality were also analyzed for the time between May 2008 and September 2008 (Table
4.9). Overall, mean survival was 80.3 percent at the beginning of the second growing
season (May 2008) and 68.2 percent at the end of the second growing season (September
2008). Analysis of variance indicated no significant treatment effects on survival during
the second growing season. Although flooding significantly increased mortality between
October 2007 and May 2008, flooding did not have a significant effect on percent
mortality between May 2008 and September 2008 for seedlings living at the beginning of
the second growing season (May 2008) (p-value = 0.6879). Percent mortality in the
flooded block (mean = 16.47 percent) was slightly but not significantly greater than
mortality in the unflooded block (mean = 14.49 percent) (Table 4.10).
There was also no significant difference in percent mortality between injected and
uninjected plots (p-value = 0.0961). Mortality was higher in the uninjected plots (mean =
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17.99 percent) than in the injected plots (mean = 12.97 percent), but this difference was
not significant (Table 4.11).

Table 4.9 Analysis of variance for mortality during the time period May 2008 to
September 2008 at the Monsanto site.
Effect
Flood
Inject
Flood*Inject

Num DF
1
1
1

Den DF
8
8
8

F Value
0.17
3.56
4.15

PR>F
0.6879
0.0961
0.0761

Table 4.10 Mean survival and percent mortality by flood treatment during the time
period May 2008 to September 2008 at the Monsanto site.
Treatment Means

May-08 % Survival
Sept-08 % Survival

Flood
77.17
65.17

% Mortality

16.47a1

1

No Flood
83.33
71.33
14.49a

Values in a row followed by the same letter do not differ at α = 0.05

Table 4.11 Mean survival and percent mortality by midstory control treatment during
the time period May 2008 to September 2008 at the Monsanto site.
Treatment Means

May-08 % Survival
Sept-08 % Survival
% Mortality
1

Inject
82.33
71.67

No Inject
78.17
64.67

12.97a1

17.99a

Values in a row followed by the same letter do not differ at α = 0.05
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Flooding and midstory injection treatment effects were not initiated at the same
time in this study. Flooding effects occurred during the dormant season between the first
and second growing season, while midstory injection effects did not become a factor until
the beginning of the second growing season. It should be noted that interaction effects do
not take into account mortality of trees that died during the winter between the first and
second growing season. This analysis only takes into account any residual flood-induced
mortality. Therefore, this analysis does not represent the true interaction between
flooding and midstory injection.
Analysis of variance indicated no significant interaction between flooding and
midstory injection treatments (p-value = 0.0761). However, differences of least squares
means showed that percent mortality was significantly different between some treatment
combinations. Percent mortality values for each treatment combination are shown in
Table 4.12. Uninjected plots in the flooded block had significantly higher mortality
(mean = 21.70 percent) than injected plots in the flooded block (mean = 11.24 percent)
(p-value = 0.0258). Percent mortality in the unflooded block for injected plots (mean =
14.71 percent) was similar to mortality in the uninjected plots (mean = 14.27 percent) (pvalue = 0.9166).
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Table 4.12 Mean survival and percent mortality by treatment combination during the
time period May 2008 to September 2008 at the Monsanto site.
Treatment Combination Means

May-08 % Survival
Sept-08 % Survival

Flood/
Inject
80.00
71.00

No Flood/
Inject
84.67
72.33

Flood/
No Inject
74.33
59.00

No Flood/
No Inject
82.00
70.33

% Mortality

11.24a1

14.71ab

21.70b

14.27ab

1

Values in a row followed by the same letter do not differ at α = 0.05

Five Oaks
Like the Monsanto site, spring rains caused flooding in all plots for most of the
early growing season. Water was completely drained by the end of May 2008.
Overall, mean survival at the Five Oaks site at the end of the first growing season
(October 2007) was 85.8 percent. Mean survival at the beginning of the second growing
season after flood waters subsided (May 2008) was 81.9 percent. Analysis of variance
indicated that dormant season flooding did not have a significant effect on percent
mortality for the time period October 2007 to May 2008 at the Five Oaks site (p-value =
0.1291) (Table 4.13). Survival in the flooded block was reduced from 86.71 percent in
October 2007 to 83.17 percent in May 2008. In the unflooded block, survival was
reduced from 85.50 percent in October 2007 to 80.67 percent in May 2008. Table 4.14
shows percent survival for both October 2007 and May 2008 as well as percent mortality
occurring between these two evaluation dates. Between October 2007 and May 2008,
mortality in the flooded block (mean = 3.69 percent) was slightly less than mortality in
the unflooded block (mean = 5.86 percent), but this difference was not significant.
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Table 4.13 Analysis of variance for flooding effects on survival for the time period
October 2007 to May 2008 at the Five Oaks site.
Effect
Flooding

Num DF

Den DF

F Value

PR>F

1

10

2.74

0.1291

Table 4.14 Survival means and percent mortality by flood treatment from October
2007 to May 2008 for the Five Oaks site.
Treatment Means

1

Oct 2007 % Survival

May 2008 % Survival
3

% Mortality

2

Flood

No Flood

86.71

85.50

83.17

80.67

4

5.86a

3.69a

1

Mean percent survival for October 2007 prior to any flooding
Mean percent survival for May 2008 after flooding
3
Mean percent mortality by flood treatment from October 2007 to May 2008
4
Values in a row followed by the same letter do not differ at α = 0.05
2

The effect of midstory injection and dormant season flooding was also analyzed
for the time period between May 2008 and September 2008. Overall, mean survival for
all seedlings combined at the Five Oaks site was 81.9 percent at the beginning of the
second growing season (May 2008) and 63.8 percent at the end of the second growing
season (September 2008). Analysis of variance for percent mortality between May 2008
and September 2008 is shown in Table 4.15. Flooding during the dormant season did not
have a significant effect on percent mortality between May 2008 and September 2008 for
trees living when survival evaluations were performed in May 2008 (p-value = 0.0886).
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Percent survival was reduced from 83.17 percent in May 2008 to 62.33 percent in
September 2008 and from 80.67 percent in May 2008 to 65.17 percent in September 2008
for flooded and unflooded blocks (Table 4.16), respectively. Percent mortality for the
time period May 2008 to September 2008 was 25.72 percent in the flooded block and
19.12 percent in the unflooded block.
Unlike flooding, midstory injection had a significant effect on percent mortality
for the time period May 2008 to September 2008 (p-value = 0.0005) (Table 4.15). Table
4.17 shows the mean percent survival and mortality for midstory injection plots and
uninjected control plots. Percent survival was reduced from 77.50 to 66.67 percent in the
midstory injection plots and from 86.33 to 60.83 percent in the uninjected control plots.
In the midstory injection plots, percent mortality was significantly less (mean = 14.74
percent) than percent mortality in the uninjected control plots (mean = 30.10 percent).

Table 4.15 Analysis of variance for survival during the time period May 2008 to
September 2008 at the Five Oaks site.
Effect
Flood
Inject
Flood*Inject

Num DF
1
1
1

Den DF
8
8
8
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F Value
3.76
32.23
0.77

PR>F
0.0886
0.0005
0.4065

Table 4.16 Mean survival and percent mortality by flood treatment during the time
period May 2008 to September 2008 at the Five Oaks site.
Treatment Means

May-08 % Survival
Sept-08 % Survival
% Mortality
1

Flood
83.17
62.33

No Flood
80.67
65.17

25.72a1

19.12a

Values in a row followed by the same letter do not differ at α = 0.05

Table 4.17 Mean survival and percent mortality by midstory control treatment during
the time period May 2008 and September 2008 at the Five Oaks site.
Treatment Means

May-08 % Survival
Sept-08 % Survival
% Mortality
1

Inject
77.50
66.67

No Inject
86.33
60.83

14.74a1

30.10b

Values in a row followed by the same letter do not differ at α = 0.05

Again, treatment interactions do not take into account dormant season mortality
since treatment effects were not initiated at the same time. The treatment interaction
between flooding and injection was not significant (p-value = 0.4065). However,
differences of least squares means showed that percent mortality was significantly
different between some treatment combinations. Percent mortality for each treatment
combination is shown in Table 4.18. Seedlings in the flooded/uninjected treatment had
significantly higher mortality (mean = 35.35 percent) than seedlings in all other treatment
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combinations. In the injection treatments, percent mortality of seedlings in the flooded
plots (mean = 16.06 percent) and the unflooded plots (mean = 13.39 percent) were not
significantly different (p-value = 0.5305). Percent mortality of seedlings in the
unflooded/uninjected treatment (mean = 24.85 percent) was significantly less than
mortality in the flooded/uninjected treatment, but significantly greater than mortality in
the flooded/injected and unflooded/injected treatments.

Table 4.18 Mean survival and percent mortality by treatment combination for the time
period May 2008 and September 2008 at the Five Oaks site.
Treatment Combination Means

May-08 % Survival
Sept-08 % Survival
% Mortality
1

Flood/
Inject
80.00
68.00
16.06A1

No Flood/
Inject
75.00
65.33
13.39A

Flood/
No Inject
86.33
56.67
35.35C

No Flood/
No Inject
86.33
65.00
24.85B

Values in a row followed by the same letter do not differ at α = 0.05

Survival Discussion
Overall, survival of planted 1-0 bareroot willow oak seedlings after two growing
seasons was 68.17 and 63.75 percent at the Monsanto site and the Five Oaks site,
respectively.

Previous research on survival of underplanted oaks has been variable.

Survival of planted oaks ranging from 99 percent after two years in a shelterwood (Dey
and Parker 1997) to less than 30 percent in an artificially flooded GTR after 1 year
(Guttery 2006) has been reported. Chamberlain and Leopold (2005) found 77.5 percent
survival of planted Nuttall oak seedlings after 4 growing seasons in a naturally flooded
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old field in Mississippi. Gray and Kaminski (2005) reported percent survival of natural
willow oak seedlings ranging from 56 percent in a continuously flooded GTR to 85
percent in a periodically flooded GTR.

Effects of Flooding
It is important to note that natural flooding occurred in both the flooded and
unflooded blocks after the GTRs were drained. Flood water completely inundated the
seedlings multiple times between February and mid-May, but all water was drained by
the end of May on both sites, and flooding did not overtop seedlings after foliation.
Seedlings had just begun foliation when natural flood waters were drained. Natural
flooding events may have compromised the findings of the study, but these results
provide good information on the effects of dormant season flooding on survival of
planted willow oak seedlings.
It is well known that the impact of flooding on trees depends on the season
flooded, the depth of flooding, and the duration of flooding (Teskey and Hinckley 1977,
McKnight et al. 1981, Kozlowski 1982). However, most research has concentrated on
early growing season flooding typical of bottomland hardwood forests. Some studies
have shown that flooding effects on trees during the dormant season are not detrimental,
even to species considered intolerant to flooding (Broadfoot 1967, Broadfoot and
Williston 1973, Silker 1948), but flooding during the growing season when trees are
physiologically active can negatively impact physiological function and increase
mortality (Hall and Smith 1955, Kozlowski 2002).
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Black (1984) showed that repeated dormant season and short-term growing
season flooding for more than 20 years did not affect the physiology of mature pin oaks
(Black 1984). However, since seedlings and saplings are more likely to be completely
inundated, they may not tolerate flooding as well as mature trees of the same species
(Kozlowski 1984). Minckler and McDermott (1960) reported a seedling crop of 3,500
stems per acre in a naturally flooded area compared to only 56 per acre in an area under
GTR management even though more sound acorns were present in the GTR. Other
studies have noted high initial germination rates of pin oak in GTRs with subsequent high
mortality between 1-4 years of age (Bierer 1971, Smith 1984, Hertlein and Gates 2005).
This indicates that GTR management may be inhibiting the reproduction of desirable red
oaks through flood-induced mortality. However, limited literature exists that directly
evaluates the effects of long-term dormant season flooding on the mortality of planted
seedlings (King 1994, Guttery 2006).
The effects of flooding on mortality of seedlings during the time period October
2007 to May 2008 were evident at the Monsanto site but not at the Five Oaks site. At the
Monsanto site, mortality of seedlings in the flooded block (15.24 percent) was
significantly greater than mortality in the unflooded block (5.52 percent) during that time
period. However, at the Five Oaks site, mortality of seedlings in the flooded block (3.69
percent) was similar to mortality in the unflooded block (5.86 percent) for the same time
period. This difference in flooding effects was probably due to the earlier flood initiation
and subsequent increased flood duration at the Monsanto site. Guttery (2006) showed the
detrimental effects of early flood initiation on seedlings in the GTR at the Monsanto site.
Seedling survival was 100 percent for 2-0 and 2-1 bareroot willow oak and Nuttall oak
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seedlings during the first growing season. After dormant season flooding, survival
ranged from 26.1 to 56.5 percent in May of the second growing season (Guttery 2006).
The low survival was attributed to an early flood initiation in late September of the first
growing season. Hertlein and Gates (2005) reported higher oak survival in non-GTR
compared to GTR sites. They also found a higher density of oak seedlings in the GTR
than the non-GTR, but oak sapling density was twice as high in the non-GTR as in the
GTR site.
Early flood initiation at the Monsanto site may have negatively impacted
seedlings by altering physiological function (Kozlowski 2002). Even though metabolic
processes are reduced after leaf abscission in autumn, earlier flooding may inhibit
maintenance respiration of buds, stems, and roots (Coder 1994). Water temperature and
dissolved oxygen were not quantified, but it is likely that impounded water was warmer
in early October when the Monsanto site was flooded and than in mid-November when
the Five Oaks site was flooded. Warm water is more stressful to seedlings since oxygen
does not dissolve as readily in warm water as in cool water (Broadfoot and Williston
1973, Kennedy and Krinard 1974). Additionally, manually impounding GTRs produces
stagnant water as opposed to flowing water associated with most natural flooding.
Stagnant flood water contains less oxygen than flowing water and is subsequently more
damaging to plants (Kozlowski and Pallardy 1997).
The lack of significant flooding effects on mortality at the Five Oaks site, even in
the presence of natural flooding during the early growing season, indicates that flooding
from mid-November to mid-February on this site may not be detrimental to the survival
of 1-year-old bareroot willow oak seedlings. This supports the theory that dormant
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season flooding is not detrimental to seedling survival. However, flooding early in
October or before, as seen at the Monsanto site, may increase mortality in the presence of
early growing season inundation.
The natural flooding during the early growing season may have impacted the
study. However, low mortality rates during the dormant season in the unflooded block at
the Monsanto site and the flooded and unflooded blocks at the Five Oaks site suggest
otherwise. Mortality rates may have been higher for all scenarios and detrimental to the
study if flooding had overtopped seedlings after foliation in the spring. Anaerobic soil
conditions in the growing season hinder root respiration and reduce productivity through
the reduction of oxygen available to the plant (Huffman and Forsythe 1981). In addition,
flooding has been shown to inhibit root growth resulting in shallowly rooted trees that
may be more susceptible to drought later in the growing season (Kozlowski 1984).
Flood-tolerant plants such as green ash (Fraxinus pennsylvanica Marsh.), water hickory,
and overcup oak have developed morphological and physiological adaptations enabling
them to better survive saturated conditions (Broadfoot and Williston 1973, Huffman and
Forsythe 1981).
Kennedy and Krinard (1974) reported that extensive flooding during the year of
planting can be detrimental to survival in hardwood plantings, but flooding after
seedlings have been in the field for one complete growing season does not seem as
detrimental. Hosner (1960a) reported 100 percent mortality of pin oak seedlings
overtopped for 30 days during the growing season and 10 percent mortality after only 10
days. However, Kennedy and Krinard (1974) reported that 2-year-old cherrybark, water,
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and Nuttall oak seedlings survived and grew well despite 2 months of flooding that
overtopped seedlings during the growing season.
Since seedlings in the flooded and unflooded blocks at the Five Oaks site did not
experience complete inundation during the growing season, it is likely that the flooding
regime implemented at the Five Oaks site is not detrimental to planted seedlings.
Hertlein and Gates (2005) theorized that inundation during the early growing season was
more detrimental than inundation late in the growing season. Evaluating different species
than Hertlein and Gates (2005), Loucks (1987) concluded that flooding during the fall
may be more detrimental than flooding of equal duration in the spring and summer.
Since the majority of flooding in bottomland hardwoods occurs in the spring and early
summer, these trees may be more adapted to flooding during this time than to flooding
during the late growing season.
The seedlings that survived the dormant season flooding were apparently able to
recover and survive as well as seedlings in the unflooded blocks. Flood tolerant species
have exhibited an ability to recover rapidly from flood stress by reopening stomata and
resuming normal stomatal function after flood water recedes (Kozlowski and Pallardy
1979). Willow oak is considered to be moderately tolerant to flooding (McKnight et al.
1981, Hook 1984) but has shown promise when planted in areas that flood for most of the
dormant season (Silker 1948).

Effects of Midstory Injection
Low light in the understory is considered by many to be the major factor limiting
the development of natural oak regeneration and resulting in a subsequent shift in species
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composition to more shade tolerant species assemblages (Abrams 1992, Hodges and
Gardiner 1993, Lorimer 1993, Dey and Parker 1996). Bottomland oaks are characterized
as shade intolerant (Burns and Honkala 1990) and typically do not regenerate under a
closed canopy forest (Hosner and Minckler 1960). However, oak seed will germinate
under a closed canopy and in some cases survive for many years (Krajicek 1961, Johnson
1975), but typically seedlings must be released within 3 or 4 years or they will die
(Kennedy and Johnson 1984).
The inability of oaks to survive under intact canopies and grow into the overstory
is supported by numerous studies. Lorimer (1981) reported an average 5-year mortality
rate of 45 percent for northern red oak, 26 percent for chestnut oak (Quercus montana
Willd.), and only 11 percent for red maple for saplings growing under an intact canopy in
New York (Lorimer 1981). Smith (1984) found that oak seedlings developing under a
closed canopy in a Missouri GTR rarely survived for more than 1 year after germination.
The decline of red oak reproduction in the understory was at the expense of an increased
frequency of more shade and flood tolerant red maple and American elm seedlings.
Carvell and Tryon (1961) found that stands with increased historical disturbance (i.e. fire,
thinning, and grazing, etc.) typically had more oak regeneration than undisturbed stands,
indicating that oak seedlings increased with increasing light availability. The use of
midstory control has been shown to increase light availability on the forest floor (Peairs
2003, Guttery 2006), increase survival and growth of oak advance reproduction (Deen et
al. 1992, Lockhart et al. 2000), and reduce competition after overstory removal (Janzen
and Hodges 1987, Lorimer 1993, Lewis et al. 2006).
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Percent mortality during the second growing season was significantly greater in
uninjected plots at the Five Oaks site, but there was no significant difference in mortality
between injected and uninjected plots at the Monsanto site. Since midstory injection was
more effective at increasing light availability to the forest floor at the Five Oaks site than
at the Monsanto site (see Chapter 5), the difference was probably due to the greater
increase in light availability at the Five Oaks than at the Monsanto site, Although not
analyzed statistically, mortality in the injected plots at the Five Oaks site (14.74 percent)
was slightly greater than mortality in the injected plots at the Monsanto site (12.97
percent) despite more light availability at the Five Oaks site (approximately 17 percent)
than at the Monsanto site (approximately 12 percent). Likewise, mortality in the
uninjected plots at the Five Oaks site (30.10 percent) was greater than mortality in the
uninjected plots at the Monsanto site (17.99 percent) where light levels were almost
identical.
Guttery (2006) reported 87.9 and 94.3 percent survival after the first growing
season for 1-0 bareroot willow oak and Nuttall oak seedlings, respectively, after midstory
injection provided approximately 30 percent full sunlight at the Monsanto site. In a
controlled experiment with northern red oak seedlings growing in 8 percent light
availability, Walters and Reich (1996) reported 35 percent survival during the second
growing season for seedlings that survived the first growing season. Krekeler et al.
(2006) reported that first year survival of bareroot, RPM, and natural pin oak seedlings
exceeded 80 percent in plots where the midstory had been chemically removed. After the
third growing season in the same study, Motsinger (2006) reported a combined survival
of 60 percent for bareroot, RPM, and natural pin oak seedlings in the midstory removal
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plots, and bareroot stock survival was 70 percent after 3 years when the midstory was
removed. Lorimer et al. (1994) reported increased survival of planted northern red oak
seedlings after a midstory control treatment increased light from approximately 1 percent
of full sun before midstory removal to 8 percent after midstory removal. Similarly,
Lockhart et al. (2000) found that midstory removal improved survival of natural
cherrybark oak advance reproduction.

Growth Results
Growth analysis was performed on trees living at the end of the second growing
season. Analysis of variance for treatment effects was conducted on height and GLD
growth during the second growing season.

Monsanto
The mean height growth for all seedlings at the Monsanto site was 4.62 cm.
Mean seedling height increased from 61.55 cm at the beginning of the second growing
season to 66.17 cm at the end of the second growing season. The mean GLD growth for
all seedlings was 0.73 mm. Mean seedling GLD increased from 5.57 mm at the
beginning of the second growing season to 6.30 mm at the end of the second growing
season.
Analysis of variance tables for height growth and GLD growth at the Monsanto
site during the second growing season are shown in Tables 4.19 and 4.20. Height growth
during the second growing season was significantly different between flood treatment (pvalue = 0.0079) (Table 4.19). Table 4.21 shows the mean height, GLD, and growth for
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both the flooded and unflooded blocks. The mean height increased from 61.58 cm to
65.55 cm in the flooded block and from 61.53 cm to 66.61 cm in the unflooded block.
Height growth in the unflooded block (mean = 5.08 cm) was significantly greater than
height growth in the flooded block (mean = 3.97 cm). Conversely, GLD growth was not
significantly different between the flooded and unflooded blocks (p-value = 0.6589)
(Table 4.20). Mean GLD increased from 5.60 mm to 6.29 mm in the flooded block and
from 5.55 mm to 6.31 mm in the unflooded block. Mean GLD growth was only 0.69 mm
in the flooded block and 0.76 mm in the unflooded block.

Table 4.19 Analysis of variance for willow oak height growth at the Monsanto site.
Effect
Flood
Inject
Flood*Inject

Num DF
1
1
1

Den DF
385
385
385

F Value
7.14
0.78
0.50

PR>F
0.0079
0.3785
0.4790

Table 4.20 Analysis of variance for willow oak GLD growth at the Monsanto site.
Effect
Flood
Inject
Flood*Inject

Num DF
1
1
1

Den DF
631
631
631
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F Value
0.20
0.58
1.09

PR>F
0.6589
0.4452
0.2979

Table 4.21 Mean height, GLD, and growth during the second growing season by
flood treatment at the Monsanto site.
Treatment Mean

Initial Height (cm)
Final Height (cm)

Flood
61.58
65.55

No Flood
61.53
66.61

Height Growth (cm)

3.97a1

5.08b

Initial GLD (mm)
Final GLD (mm)
GLD Growth (mm)

5.60
6.29
0.69a

5.55
6.31
0.76a

1

Values in a row followed by the same letter do not differ at α = 0.05

Unlike the responses in the flooding treatments, height growth was not
significantly different between midstory injection treatments (p-value = 0.3785) (Table
4.19). Table 4.22 shows height, GLD, and growth means for injected and uninjected
treatments. Mean initial height in the injected plot and the uninjected plots was 62.01 cm
and 61.08 cm, respectively. Final height was 66.69 cm and 65.63 cm in the injected and
uninjected plots, respectively. Mean height growth was similar between injection
treatments with seedlings in the injected plots growing 4.68 cm and those in the
uninjected plots growing 4.55 cm. Similarly, GLD growth was not significantly different
between midstory injection treatments (p-value = 0.4452) (Table 4.20). Mean GLD
increased from 5.58 mm to 6.26 mm for a mean increase of 0.68 mm in the injected plots
and from 5.56 mm to 6.34 mm for a mean increase of 0.78 mm in the uninjected plots.
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Table 4.22 Mean height, GLD, and growth during the second growing season by
midstory control treatment at the Monsanto site.
Treatment Means

Initial Height (cm)
Final Height (cm)

Inject
62.01
66.69

No Inject
61.08
65.63

Height Growth (cm)

4.68a1

4.55a

Initial GLD (mm)
Final GLD (mm)
GLD Growth (mm)

5.58
6.26
0.68a

5.56
6.34
0.78a

1

Values in a row followed by the same letter do not differ at α = 0.05

Unlike survival, analysis of treatment interactions on growth is valid since
treatment effects in relation to growth were initiated at the same time. Analysis of
variance showed no significant interaction between flooding and midstory injection for
height growth (p-value = 0.4790) or GLD growth (p-value = 0.2979). However,
differences of least squares means showed that height growth of some individual
treatment combinations was significantly different than others (Table 4.23). Height
growth of seedlings in the No flood/Inject treatment (mean = 5.32 cm) was significantly
greater than height growth in the Flood/No Inject treatment (mean = 4.06 cm) and height
growth in the Flood/Inject treatment (mean = 3.89 cm) but was not greater than growth in
the No Flood/No Inject treatment (mean = 4.86 cm). Seedling GLD growth was not
significantly different between any of the treatment combinations (Table 4.23).
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Table 4.23 Mean height, GLD, and growth during the second growing season by
treatment combination at the Monsanto site.
Treatment Combination Means

Initial Height (cm)
Final Height (cm)

Flood/
Inject
61.46
65.35

No Flood/
Inject
62.45
67.78

Flood/
No Inject
61.72
65.78

No Flood/
No Inject
60.68
65.54

Height Growth (cm)

3.89b1

5.32a

4.06b

4.86ab

Initial GLD (mm)
Final GLD (mm)
GLD Growth (mm)

5.59
6.13
0.55a

5.57
6.37
0.80a

5.62
6.46
0.85a

5.52
6.25
0.73a

1

Values in a row followed by the same letter do not differ at α = 0.05

Five Oaks
Mean height growth for all seedlings combined during the second growing season
at the Five Oaks site was 5.10 cm. Mean seedling height increased from 63.52 cm at the
beginning of the second growing season to 68.62 cm by the end of the second growing
season. Mean GLD growth for all seedlings combined during the second growing season
was 0.81 mm. Mean seedling GLD increased from 6.00 mm at the beginning of the
second growing season to 6.81 mm at the end of the second growing season.
Analysis of variance tables for height growth and GLD growth at the Five Oaks
site during the second growing season are shown in Table 4.24 and Table 4.25. Height
growth of seedlings at the Five Oaks site was not significantly different between flood
treatments (p-value = 0.2333) (Table 4.24). Mean seedling height, GLD, and growth for
flooded and unflooded blocks is found in Table 4.26. Mean height increased from 63.33
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cm to 68.31 cm in the flooded block and from 63.71 cm to 68.92 cm in the unflooded
block. Mean height growth in the flooded block (mean = 4.98 cm) was slightly less than
but not significantly different from height growth in the unflooded block (mean = 5.21
cm). Similarly, GLD growth was not significantly different between flood treatments (pvalue = 0.3239) (Table 4.25). Mean GLD increased from 6.05 mm to 6.84 mm in the
flooded block and from 5.94 mm to 6.77 mm in the unflooded block. GLD growth in the
flooded block (mean = 0.79 mm) was not significantly different than growth in the
unflooded block (mean = 0.83 mm).

Table 4.24 Analysis of variance for willow oak height growth at the Five Oaks site.
Effect
Flood
Inject
Flood*Inject

Num DF
1
1
1

Den DF
440
440
440

F Value
1.42
0.86
0.16

PR>F
0.2333
0.3544
0.6917

Table 4.25 Analysis of variance for willow oak GLD growth at the Five Oaks site.
Effect
Flood
Inject
Flood*Inject

Num DF
1
1
1

Den DF
601
601
601
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F Value
0.97
1.46
5.77

PR>F
0.3239
0.2278
0.0166

Table 4.26 Mean height, GLD, and growth during the second growing season by flood
treatment at the Five Oaks site.
Treatment Means

Initial Height (cm)
Final Height (cm)

Flood
63.33
68.31

No Flood
63.71
68.92

Height Growth (cm)

4.98a1

5.21a

Initial GLD (mm)
Final GLD (mm)
GLD Growth (mm)

6.05
6.84
0.79a

5.94
6.77
0.83a

1

Values in a row followed by the same letter do not differ at α = 0.05

Midstory injection also did not have a significant effect on height growth (p-value
= 0.3544) (Table 4.24). Table 4.27 shows the mean height and GLD growth for seedlings
in the injected and uninjected treatments. Mean height of seedlings increased from 63.50
cm to 68.90 cm and from 63.55 cm to 68.37 cm in the injected and uninjected plots,
respectively. Mean height growth of seedlings in the injected plots (mean = 5.40 cm)
was not significantly different than growth in the uninjected plots (mean = 4.82 cm).
Similarly, mean GLD growth was not significantly different between injection treatments
(p-value = 0.2278). Mean GLD increased from 6.03 mm to 6.87 mm in the injected plots
and from 5.96 mm to 6.74 mm in the uninjected plots. Mean growth in the injected plots
(0.84 mm) was not significantly different than growth in the uninjected plots (0.78 mm).
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Table 4.27 Mean height, GLD, and growth during the second growing season by
midstory control treatment at the Five Oaks site.
Treatment Means

Initial Height (cm)
Final Height (cm)

Inject
63.50
68.90

No Inject
63.55
68.37

Height Growth (cm)

5.40a1

4.82a

Initial GLD (mm)
Final GLD (mm)
GLD Growth (mm)

6.03
6.87
0.84a

5.96
6.74
0.78a

1

Values in a row followed by the same letter do not differ at α = 0.05

There was no significant interaction between flooding and midstory injection
treatments for height growth (p-value = 0.6917) (Table 4.24). However, differences of
least squares means indicated significant differences for height growth among some
treatment combinations (Table 4.28). Mean height growth was greatest in the No
Flood/Inject treatment combination (mean = 5.70 cm) followed by the Flood/Inject
treatment combination (mean = 5.09 cm). The Flood/No Inject combination and the No
Flood/No Inject combination had a mean height growth of 4.87 cm and 4.77 cm,
respectively. There was a significant interaction between flooding and midstory injection
treatments for mean GLD growth (p-value = 0.0166). Differences of least squares means
showed that GLD growth for the No Flood/Inject treatment (mean = 0.92 mm) was
significantly greater than the Flood/Inject (mean = 0.76 mm) and the No Flood/No Inject
(mean = 0.74 mm) treatments. The Flood/No Inject treatment (mean = 0.82 mm) was not
significantly different from any of the other treatment combinations.
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Table 4.28 Mean height, GLD and growth during the second growing season by
treatment combination at the Five Oaks site.
Treatment Combination Means

Initial Height (cm)
Final Height (cm)

Flood/
Inject
63.68
68.77

No Flood/
Inject
63.32
69.02

Flood/
No Inject
62.98
67.85

No Flood/
No Inject
64.06
68.83

Height Growth (cm)

5.09a1

5.70a

4.87a

4.77a

Initial GLD (mm)
Final GLD (mm)
GLD Growth (mm)

6.12
6.88
0.76b

5.93
6.86
0.92a

5.97
6.79
0.82ab

5.95
6.69
0.74b

1

Values in a row followed by the same letter do not differ at α = 0.05

Growth Discussion
Mean height growth of willow oak seedlings at the Monsanto site was 4.62 cm for
an overall mean height of 66.17 cm at the end of the second growing season. In
comparison, seedlings at the Five Oaks site grew a mean of 5.10 cm for an overall mean
height of 68.62 cm. Overall, height growth at both sites was comparable to height growth
reported in other hardwood plantings. Guttery (2006) reported an average height growth
of 12.03 cm for 2-0 bareroot willow oak seedlings planted in a large opening at the
Monsanto site. Conversely, negative height growth was exhibited in 2-0 and 2-1 Nuttall
oak and 2-1 willow oak seedlings. The average negative height growth of willow oak
seedlings was attributed to seedlings resprouting after dieback. When negative height
growth was removed from the analysis, average height growth was 21.67 cm for 2-0
willow oak, 32.40 cm for 2-0 Nuttall oak, 2.70 cm for 2-1 willow oak and 11.35 cm for
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2-1 Nuttall oak. The slightly higher height growth for seedlings in Guttery (2006) could
be due to more available light in the study area or to the fact that his seedlings were older
when outplanted. In another study, Day et al. (1998) reported negative or no height
growth for willow oak and Nuttall oak planted in March and December and flooded to 91
cm from January to May. The authors noted that willow oak seedlings planted in
December and March exhibited negative height growth in flooded and unflooded plots.
Seedling herbivory did not seem to be a factor in this study since very few
seedlings showed any sign of animal damage; however, dieback was noted for many of
the seedlings. The vast majority of seedlings exhibiting dieback in earlier evaluations
had died by the end of the second growing season.
GLD growth in this study of less than one millimeter is similar to results reported
in other artificial oak regeneration studies. Cameron (2001) found similar GLD growth
results for cherrybark oak and Shumard oak seedlings with an average increase in GLD
between 0.2 mm and 1.3 mm during the first growing season in a year of extreme
drought. Day et al. (1998) reported slightly less diameter growth for willow oak
seedlings planted in December (0.4 mm) and March (0.3 mm). However, Nuttall oak
planted in December and March grew significantly more (1.3 mm and 1.1 mm,
respectively) than the willow oak seedlings. When growth was analyzed for seedlings
flooded from January to May, Nuttall oak seedlings planted in December and willow oak
seedlings planted in March showed negative GLD growth (-0.1 mm and -0.4 mm,
respectively). Guttery (2006) reported positive GLD growth for 2-0 willow oak and
Nuttall oak and negative GLD growth for the 2-1 planting stock of both species. Mean
GLD growth for 2-0 Nuttall oak and willow oak was 0.55 mm and 1.69 mm, respectively.
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The results from Guttery (2006) for willow oak GLD growth are comparable to the
results reported in this study. Dubois et al. (2000) reported considerably higher second
growing season GLD growth for cherrybark oak seedlings ranging from 3.2 mm to 5.3
mm.

Effects of Flooding
In earlier work, flooding during the dormant season seemed to have no negative
effect on growth of mature trees, with some studies reporting growth benefits from winter
flooding (Broadfoot 1967, Broadfoot and Williston 1973). However, long-term studies
have shown that tree growth may be negatively affected by dormant season flooding
(Francis 1983, Schlaegel 1984, Rogers and Sander 1989). Since the effects of flooding
are more apparent as water covers the foliage (Hall and Smith 1955, Hosner 1960a,
Kozlowski 1984), flooding during the growing season can adversely affect growth of
bottomland hardwood seedlings (Fredrickson 1979, Kozlowski 1984).
Height growth was significantly different between flood treatments at the
Monsanto site but not at the Five Oaks site. The reduced height growth of seedlings in
the flooded block compared to seedlings in the unflooded block at the Monsanto site may
be a result of the early initiation and longer duration of flooding. On the same study site,
Guttery (2006) reported an average height growth of 12.03 cm for 2-0 bareroot willow
oak seedlings and -2.34 cm for 2-0 bareroot Nuttall oak seedlings under a similar
flooding regime after two growing seasons in a large opening. Day et al. (1998) reported
negative height growth of willow oak seedlings subjected to shallow winter/spring
flooding, deep winter/spring flooding, deep spring flooding after leaf-out, and no
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flooding. Nuttall oak exhibited negative or minimal height growth in the deep
winter/spring and no flood treatments. McCurry et al. (2006) reported that seedling
height of willow oak, and to a lesser extent Nuttall oak, was positively related to
elevation and subsequent flood depth and duration, whereas overcup oak growth was
unaffected by elevation. However, McLeod et al. (2000) reported that 4-year height
growth of willow oak, Nuttall oak, and overcup oak was unrelated to planting elevation in
a frequently flooded bottomland hardwood site.
GLD growth was not significantly different between flood treatments at either
site. Conversely, Day et al. (1998) found greater GLD growth of seedlings in an
unflooded area than a deep winter/spring flood treatment, but there was no difference
between a shallow winter/spring flood and a deep spring flood treatment. Overall, GLD
growth was between 0.3 mm and 0.4 mm for willow oak and 1.1 mm and 1.3 mm for
Nuttall oak.
Soil saturation has been linked to reduced growth and increased secondary root
mortality in willow oak seedlings (Hosner and Boyce 1962). Additionally, inundation
during the growing season has been shown to reduce stomatal conductance, net
photosynthetic rate and height growth of Nuttall oak seedlings in controlled environments
(Anderson and Pezeshki 1999, Farmer and Pezeshki 2004). Therefore, the effects of
dormant season flooding on seedling growth may have been confounded by natural
flooding that inundated the flooded and unflooded blocks on both study sites during the
early growing season.
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Effects of Midstory Injection
Midstory injection was ineffective at increasing height growth at either study site.
Similar to results from this study, Lhotka and Loewenstein (2006) showed that height
growth of containerized cherrybark oak seedlings during the first growing season was not
influenced by midstory control. However, Deen et al. (1992) reported an average height
greater than 100 cm for natural cherrybark oak advance reproduction 7 years after
midstory control compared to only 40 cm in an untreated control. Likewise, Lockhart et
al. (2000) found greater final height of cherrybark oak seedlings in midstory control
treatments compared to untreated controls after nine years. Motsinger (2006) reported
height growth of 7.6 cm, 17.4 cm, and 16.8 cm for bareroot, RPM, and natural pin oak
seedlings, respectively, after 3 growing seasons in a Missouri GTR.
Similar to height growth, GLD growth was not significantly different between
injection treatments at either site. Motsinger (2006) reported 1.3 mm, 1.5 mm, and 2.0
mm of GLD growth for bareroot, RPM, and natural pin oak seedlings after 3 growing
seasons with midstory removal. Deen et al. (1992) showed an average root-collar
diameter ranging from 7.6 mm to 9.8 mm after 7 years in plots receiving midstory control
compared to only 4.4 mm in untreated control plots for natural cherrybark oak seedlings.
Similarly, Lockhart et al. (1993) showed that average root-collar diameter of natural
cherrybark oak seedlings in midstory control treatments was greater than root-collar
diameter for seedlings in which the midstory was intact. Studies evaluating the effects of
midstory control on the growth of natural oak seedlings in bottomland hardwoods suggest
that it may take 3 to 5 years or more to see large growth differences (Janzen and Hodges
1987, Lockhart et al. 2000). Planted seedlings may not require as much time as natural
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seedlings, but it is possible that any significant effects of midstory control on growth of
planted seedlings will not be evident in the first year after treatment.
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CHAPTER V
EFFECTS OF MIDSTORY CONTROL ON LIGHT AVAILABILITY

Overall, midstory injection was very effective at controlling undesirable stems.
The majority of stems not controlled were accidentally missed during injection. Most of
the species that were injected did not leaf-out the following growing season, but some
species did not experience complete mortality from the herbicide injection. Many of the
sugarberry stems, especially the larger ones, leafed out, but showed severe herbicide
damage. The occasional winged elm and American elm did survive injection.

Light Availability
The Monsanto site and the Five Oaks site were analyzed separately to determine
the effectiveness of midstory injection for increasing light availability on the forest floor.
Photos were taken before and after midstory control treatments in the treated and
untreated areas. Analysis of variance was performed on the difference between final
minus initial indirect site factor (ISF), direct site factor (DSF), and global site factor
(GSF) for the treated and untreated plots.
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Monsanto
Light availability at the Monsanto site before and after treatment is shown in
Table 5.1. The mean index values for ISF (indirect site factor), DSF (direct site factor),
and GSF (global site factor) in the midstory injection plots before treatment installation
(2007) were 0.1077, 0.1092, and 0.1090, respectively. This indicates that 10.77 percent
of the diffuse, 10.92 percent of the direct, and 10.90 percent of the total solar radiation
was reaching the forest floor before treatments were installed in the injected plots.
Similarly, ISF, DSF, and GSF values for uninjected plots before treatment installation
were 0.1143, 0.1054, and 0.1065, respectively.
The mean index values for ISF, DSF, and GSF after treatment (2008) in the
injected plots are also reported in Table 5.1. The mean values for ISF, DSF, and GSF for
injected plots after treatment installation (2008) were 0.1298, 0.1248, and 0.1255,
respectively. This indicates that 12.98 percent of the diffuse, 12.48 percent of the direct,
and 12.55 percent of the total solar radiation was reaching the forest floor after injection
in the plots receiving the midstory control treatments. ISF, DSF, and GSF values in the
uninjected plots after treatment installation were 0.1178, 0.1054, and 0.1069,
respectively.
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Table 5.1 Average ISF, DSF, and GSF for injected and uninjected plots before
treatment (2007) and after treatment (2008) at the Monsanto site.
Treatment

Site Factor

2007 Mean

Std Error

2008 Mean

Std Error

1

0.1077

0.0081

0.1298

0.0067

2

DSF

0.1092

0.0122

0.1248

0.0097

GSF3

0.1090

0.0116

0.1255

0.0091

ISF
Injected

ISF
0.1143
0.0073
0.1178
0.0073
Control
DSF
0.1054
0.0069
0.1054
0.0061
GSF
0.1065
0.0067
0.1069
0.0060
* Values range from 0 to 1, with 0 representing complete sky obstruction; and 1
representing open sky.
1
ISF (Indirect Site Factor) -- The proportion of diffuse solar radiation reaching a given
location, relative to a location with no sky obstruction.
2
DSF (Direct Site Factor) -- The proportion of direct solar radiation reaching a given
location, relative to that in a location with no sky obstructions.
3
GSF (Global Site Factor) -- The proportion of global radiation under a plant canopy
relative to that in the open. Typically, calculated as direct plus diffuse radiation, with
reflected radiation ignored.

Analysis of variance showed that midstory injection had a significant effect on the
change in ISF from pre-treatment values to post-treatment values (Table 5.2). Flooding
and the interaction between flooding and injection did not have a significant effect on the
change in ISF (Table 5.2). Table 5.5 shows the mean values for after-treatment ISF
minus before-treatment ISF in the injected and uninjected plots. ISF in the injected plots
increased by a mean value of 0.0221, whereas the untreated control increased by a value
of 0.0035. This indicates that midstory injection increased the amount of diffuse light by
2.21 percent. Although the difference was statistically significant, a 2.21 percent increase
in percent diffuse solar radiation compared to a 0.35 percent increase is probably not
biologically significant at the low initial levels in these plots.
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Table 5.2 Analysis of Variance for treatment effects on after-treatment ISF minus
before-treatment ISF at the Monsanto site.
Effect
Flood
Inject
Inject*Flood

Num DF
1
1
1

Den DF
8
8
8

F Value
0.37
8.02
0.03

PR>F
0.5622
0.0221
0.8678

Similarly, change in DSF was significantly different between injection treatments.
Flooding and the interaction between flooding and injection were not significant (Table
5.3). Table 5.5 shows the mean values for after-treatment DSF minus before-treatment
DSF in the injected and uninjected plots. DSF in the injected plots increased by a mean
value of 0.0156, but there was no change in DSF in the uninjected plots (difference =
0.0000). Again, this increase in percent direct solar radiation is probably not biologically
significant compared to the untreated control.

Table 5.3 Analysis of Variance for treatment effects on after-treatment DSF minus
before-treatment DSF at the Monsanto site.
Effect
Flood
Inject
Inject*Flood

Num DF
1
1
1

Den DF
8
8
8

F Value
0.75
13.37
0.66

PR>F
0.4209
0.0064
0.4417

The change in GSF was also significantly different between injection treatments,
but flooding and the interaction between flooding and injection were not significant
(Table 5.4). Table 5.5 shows the mean values for after-treatment GSF minus beforetreatment GSF in the injected and uninjected plots. GSF increased by a mean value of
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0.0165 in the injected plots compared to only 0.0004 in the uninjected plot. Like ISF and
DSF, the increase in GSF for the treated plots is probably not biologically significant
compared to the untreated control.

Table 5.4 Analysis of Variance for treatment effects on after-treatment GSF minus
before-treatment GSF at the Monsanto site.
Effect
Flood
Inject
Inject*Flood

Num DF
1
1
1

Den DF
8
8
8

F Value
0.66
13.30
0.54

PR>F
0.4412
0.0065
0.4834

Table 5.5 Average difference between after-treatment minus before treatment ISF,
DSF, and GSF values by injection treatment at the Monsanto site.
Treatment
Injected
Control

ISF

DSF

GSF

0.0221a
0.0035b

0.0156a
0.000b

0.0165a
0.0004b

Values in a column followed by the same letter do not differ at α = 0.05

Five Oaks
The mean value for each site factor at the Five Oaks site before (2007) and after
(2008) treatment is shown in Table 5.6. The mean index values for ISF, DSF, and GSF
in the midstory injection plots before treatment were 0.1167, 0.1185, and 0.1183,
respectively. This indicates that 11.67 percent of the diffuse, 11.85 percent of the direct,
and 11.83 percent of the total solar radiation was reaching the forest floor before
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treatments were installed. The mean values for ISF, DSF, and GSF in the uninjected
plots before treatment were 0.1154, 0.1161, and 0.1160, respectively (Table 5.6).
The mean index values for ISF, DSF, and GSF after (2007) treatment installation
for plots receiving midstory injection are shown in Table 5.6. The mean values of ISF,
DSF, and GSF after treatment in plots receiving midstory control were 0.1703, 0.1745,
and 0.1740, respectively. This indicates that 17.03 percent of the diffuse, 17.45 percent
of the direct, and 17.40 percent of the total solar radiation was reaching the forest floor
after injection in the plots receiving midstory control. The mean values for ISF, DSF,
and GSF in the uninjected plots after treatment installation were 0.1186, 0.1167, and
0.1169, respectively (Table 5.6).
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Table 5.6 Average ISF, DSF, and GSF for injected and uninjected plots before
treatment (2007) and after treatment (2008) at the Five Oaks site.
Treatment

Site Factor

2007 Mean

Std Error

2008 Mean

Std Error

1

0.1167

0.0067

0.1703

0.0072

2

DSF

0.1185

0.0068

0.1745

0.0086

GSF3

0.1183

0.0065

0.1740

0.0081

ISF
Injected

ISF
0.1154
0.0043
0.1186
0.0044
Control
DSF
0.1161
0.0052
0.1167
0.0048
GSF
0.1160
0.0049
0.1169
0.0046
* Values range from 0 to 1, with 0 representing complete sky obstruction; and 1
representing open sky.
1
ISF (Indirect Site Factor) -- The proportion of diffuse solar radiation reaching a given
location, relative to a location with no sky obstruction.
2
DSF (Direct Site Factor) -- The proportion of direct solar radiation reaching a given
location, relative to that in a location with no sky obstructions.
3
GSF (Global Site Factor) -- The proportion of global radiation under a plant canopy
relative to that in the open. Typically, calculated as direct plus diffuse radiation, with
reflected radiation ignored.

Analysis of variance showed that midstory injection had a significant effect on
change in ISF from pre-treatment values to post-treatment values (Table 5.7). Flooding
and the interaction between flooding and midstory injection did not have a significant
effect on change in ISF (Table 5.7). Table 5.10 shows the mean values for aftertreatment minus before-treatment ISF for midstory injection plots and untreated control
plots. ISF increased by a mean value of 0.0536 in the midstory control plots, whereas
ISF increased by a mean value of 0.0032 in the untreated control plots. This indicates
that midstory injection increased the amount of diffuse light by 5.36 percent.
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Table 5.7 Analysis of Variance for treatment effects on after-treatment ISF minus
before-treatment ISF at the Five Oaks site.
Effect
Flood
Inject
Inject*Flood

Num DF
1
1
1

Den DF
8
8
8

F Value
1.50
96.70
0.00

PR>F
0.2556
<.0001
0.9892

The change in DSF was also significantly different between injection treatments,
but flooding and the interaction between injection and flooding did not have a significant
effect on change in DSF (Table 5.8). Table 5.10 shows the mean values for aftertreatment minus before-treatment DSF for midstory injection plots and untreated control
plots. DSF increased by a mean value of 0.0559 in the injected plots, but DSF only
increased by a mean value of 0.0007 in the untreated control plots (Table 5.10).

Table 5.8 Analysis of Variance for treatment effects on after-treatment DSF minus
before-treatment DSF at the Five Oaks site.
Effect
Flood
Inject
Inject*Flood

Num DF
1
1
1

Den DF
8
8
8

F Value
0.00
73.61
0.29

PR>F
0.9950
<.0001
0.6059

Like ISF and DSF, the change in GSF was significantly different between
injection treatments but not flood treatments or the interaction between flood and
injection treatments (Table 5.9). Table 5.10 shows the mean values for after-treatment
minus before-treatment GSF for midstory injection plots and untreated control plots.
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GSF increased by a mean value of 0.0557 in the injected plots, but DSF only increased by
a mean value of 0.0010 in the untreated control plots (Table 5.10).

Table 5.9 Analysis of Variance for treatment effects on after treatment GSF minus
before-treatment GSF at the Five Oaks site.
Effect
Flood
Inject
Inject*Flood

Num DF
1
1
1

Den DF
8
8
8

F Value
0.02
77.56
0.25

PR>F
0.8981
<.0001
0.6329

Table 5.10 Average difference between after-treatment minus before treatment ISF,
DSF, and GSF values by injection treatment at the Five Oaks site.
Treatment
Injected
Control

ISF

DSF

GSF

0.0536a
0.0032b

0.0561a
0.0040b

0.0558a
0.0007b

Values in a column followed by the same letter do not differ at α = 0.05

Discussion
Overall, the available light at the Monsanto site was similar between years in the
midstory injection and untreated control plots. Even though there was a significantly
greater increase in light availability in the injected plots than in the uninjected plots for
all site factors, the overall increase in light availability was small in the injected plots and
may not have significant biological impact. Flooding and the interaction between
flooding and injection were not significant effects for any of the site factors. ISF, DSF,
and GSF values prior to midstory control treatments in all plots, and after treatment
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installation in the uninjected plots, indicated that approximately 11 percent of the solar
radiation was reaching the forest floor at the Monsanto site. After treatment, in the
midstory control plots, approximately 12.5 to 13 percent of the solar radiation was
reaching the forest floor. ISF, DSF, and GSF increased by 2.21, 1.56, and 1.65 percent,
respectively, in the injected plots. In the uninjected plots, light availability did not
increase by more than one half of a percent for any of the site factors reported.
At the Five Oaks site, the site factor values before treatment were slightly higher
but very similar to the values at the Monsanto site. There was a significantly greater
increase in light availability for the injected plots than the uninjected plots, but flooding
and the interaction between flooding and midstory control were not significant effects for
any of the site factors. Before treatment in all plots, and after treatment in the uninjected
plots, approximately 11.5 to 12 percent of the solar radiation was reaching the forest floor
at the Five Oaks site. After treatment, in the midstory control plots, approximately 17 to
17.5 percent of the solar radiation was reaching the forest floor. There was a more
pronounced increase in site factors at the Five Oaks site than at the Monsanto site. In the
midstory injection plots, the amount of light reaching the forest floor at the Five Oaks site
increased by approximately 5.5 percent for all site factors. Since the midstory was all but
completely controlled at both sites, the difference between sites in the effectiveness of the
midstory control treatments is likely due to a difference in the amount of light penetrating
the overstory canopy. Overstory trees at the Monsanto site seem to be capturing more
sunlight than overstory trees at the Five Oaks site.
The pre-treatment light availability at both study sites of approximately 10 to 11
percent is not uncommon in mature bottomland hardwoods. Guttery (2006), using the
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same equipment in a different block of the same study site, found light availability in
untreated control plots to be around 14 to 15 percent. However, initial light levels
reported in this study and in Guttery (2006) are slightly higher than light levels reported
in other studies. Light levels in the understory of less than 1 percent have been suggested
in some non-GTR hardwood stands mainly due to a dense midstory of shade tolerant
vegetation (Lorimer et al. 1994). A number of studies have reported light levels of less
than 10 percent in mature hardwood stands (Jenkins and Chambers 1989, Peairs 2003,
Motsinger 2006). Peairs (2003) found the mean light availability in a minor stream
bottom in Alabama to be approximately 8 to 10 percent in untreated control plots.
Motsinger (2006) found PAR (photosynthetically active radiation) in untreated control
plots to be approximately 3 percent for a GTR in Missouri.
Midstory injection increased the amount of light reaching the forest floor at both
the Monsanto site and the Five Oaks site. Other studies have compared the available
light or percent canopy cover in undisturbed stands to stands receiving midstory control
(Lorimer et al. 1994, Peairs 2003, Guttery 2006, Krekeler et al. 2006, Motsinger 2006,
Ostrom and Loewenstein 2006). Peairs (2003), using identical equipment as in this
study, reported similar results when midstory injection increased light levels from
approximately 8 percent to approximately 13 percent in a minor stream bottom in
Alabama. Guttery (2006), also using the same equipment, reported light levels of over 30
percent in plots receiving midstory injection compared to 14 to 15 percent for untreated
control plots. Again, the greater increase in light from midstory injection is likely due to
more canopy gaps in the Guttery study area compared to the current study.
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Motsinger (2006) and Ostrom and Loewenstein (2006) used light sensors to
compare percent PAR in areas receiving midstory removal to untreated control areas.
Motsinger (2006) reported a PAR of 3 percent in an untreated control area compared to a
PAR of 16 percent in an area where the midstory was removed. Ostrom and Loewenstein
(2006) reported a PAR of 4 percent in an untreated control area compared to almost 11
percent in an area where the midstory was removed. These results are likely similar to
results using hemispherical photography since studies have shown excellent agreement
between hemispherical photography and actual PAR measured via sensors for measuring
light availability (Becker et al. 1989, Rich et al. 1993)
Midstory control has been suggested as a method to increase the competitive
status of natural oak seedlings (Janzen and Hodges 1987, Loftis 1990, Lockhart et al.
1993) and underplanted seedlings (Lorimer et al. 1994, Guttery 2006, Krekeler et al.
2006, Lhotka and Loewenstein 2006). The fact that oaks may exhibit greater height
growth under intermediate light levels (Gardiner and Hodges 1998) indicates that
midstory removal may be an excellent method of providing oaks with a competitive
advantage over other species competing for growing space. However, light availability
reported in this study is probably not sufficient to promote oak seedling recruitment into
the canopy. Additional silvicultural treatments which open the canopy and create more
light on the forest floor will likely be warranted to prevent subsequent mortality of light
deprived seedlings (Peairs 2003).
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CHAPTER VI
WILLOW OAK ACORN PRODUCTION IN AN
ARKANSAS GREENTREE RESERVIOR

This portion of the study is a continuation of a previous study conducted by
Guttery (2006). The trap locations and methods of analysis are explained in Chapter 3.
For better data comparisons, data from Guttery (2006) will be presented along with data
from the current research. The first two years (2004-2005) of data were collected and
analyzed by Guttery (2006), and the last two years of data (2006-2007) were collected
and analyzed in the current research.

Results
Average total acorn production per year from 2004 through 2007 by tree diameter
class is presented in Table 6.1 and Table 6.2. Acorn production varied considerably from
2004 to 2007 for both total production and production among diameter classes. On
average, the 35-cm and 85-cm diameter classes produced the fewest acorns per hectare in
each of the four years. The low production per hectare is likely due to these diameter
classes having the fewest trees per hectare, low acorn production per tree, or a
combination of both. It should be noted that only one tree was sampled from both the 35cm and the 85-cm classes. Trees ranging from the 55-cm to the 65-cm diameter class
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were good acorn producers in each of the four years. Trees between 55-cm and 65-cm
produced 60% of the total acorns in 2004, 45% in 2005, 43% in 2006, and 31% in 2007.
The 40-cm and the 75-cm diameter classes were good acorn producers in all four years
also. Total acorn production was highest in 2007 (967,918 total acorns per hectare) and
lowest in 2005 (418,099 total acorns per hectare). Total acorn production per hectare in
the 35-, 40-, 45-, 50-, 55-, 65-, 70-, and 75-cm diameter classes was higher in 2007 than
any other year.
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Table 6.1 Average total acorn production by diameter class for the entire Monsanto
Farm and Wildlife Management Center, 2004 and 2005 (Guttery 2006).

Year
2004

Diameter
(cm)

Trees
Sampled

Trees/ha

Total
Acorns / ha

Lower
95% CL

Upper
95% CL

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
6
9
2
1
1
40

2.7
5.2
6.3
6.4
5.8
4.5
3.7
1.8
1.5
0.4
41.4

113
10223
36974
32943
63973
135537
62398
6951
90615
1769
555671

_
-86372
3547
11002
-731
-19031
4144
-15520
_
_
297086

_
106818
70403
54886
128673
290106
120653
29421
_
_
814214

35
40
45
50
55
60
65
70
75
85
Overall

1
2
7
5
5
6
8
2
1
1
38

2.7
5.2
6.3
6.4
5.8
4.5
3.7
1.8
1.5
0.4
41.4

113
58573
43779
25325
59015
54054
51030
15487
54596
1327
418099

_
-670852
-7976
16090
20863
-4757
23188
-37037
_
_
286364

_
798392
95533
34560
97167
112865
78873
68009
_
_
549751

2005
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Table 6.2 Average total acorn production by diameter class for the entire Monsanto
Farm and Wildlife Management Center, 2006 and 2007.

Year
2006

Diameter
(cm)

Trees
Sampled

Trees/ha

Total
Acorns / ha

Lower
95% CL

Upper
95% CL

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
6
8
2
1
1
39

2.7
5.2
6.3
6.4
5.8
4.5
3.7
1.8
1.5
0.4
41.4

113
93926
80174
40740
85000
121022
77456
16041
130045
11436
742211

_
-993605
-14408
1414
42756
22372
32377
-74890
_
_
490797

_
1181457
174756
80067
127243
219672
122535
106972
_
_
993641

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
5
7
2
1
1
37

2.7
5.2
6.3
6.4
5.8
4.5
3.7
1.8
1.5
0.4
41.4

113
234653
102178
49009
91359
96736
108294
73400
190707
6002
967918

_
-2235487
-8104
-6417
53563
-24206
55510
-635556
_
_
32342

_
2704794
212460
104436
129154
217679
161079
782355
_
_
1338959

2007
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Sound acorn production by diameter class for each year is presented in Table 6.3
and Table 6.4. Consistent with total acorn production, sound acorn production varied
considerably between years and diameter classes. In 2007, sound acorn production was
the highest with an average of 594,707 sound acorns per hectare. This was considerably
higher than production in 2006 (average = 372,311), 2004 (average = 363,794), and 2005
(average = 207,352). In each year, the 35-cm and the 85-cm diameter classes were the
lowest sound acorn producers on a per hectare basis. This was probably due to these two
diameter classes being less abundant throughout the GTR. The 75-cm diameter class was
the top sound acorn producer in 2006 and 2007, and ranked second and fourth in 2004
and 2005, respectively, despite the fact that this diameter class only accounts for 1.5 trees
per hectare. Similar to total acorn production, the diameter classes between 55-cm and
65-cm were consistently high sound acorn producers in all four years. The average
estimated mass in kilograms per hectare of sound acorns for each diameter class is shown
in Table 6.3 and Table 6.4. In all four years, total average production was well above the
50 kg/ha needed to attract feeding waterfowl (Reinecke et al 1989).
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Table 6.3 Average total sound acorn production by diameter class for the entire
Monsanto Farm and Wildlife Management Center GTR, 2004 and 2005
(Guttery 2006).

Year
2004

Diameter
(cm)

Trees
Sampled

Trees
/ha

Sound
Acorns/ha

Mass
(kg/ha)

Lower
95% CL

Upper
95%CL

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
6
9
2
1
1
40

2.7
5.2
6.3
6.4
5.8
4.5
3.7
1.8
1.5
0.4
41.4

113
1513
27522
19826
50568
93846
31290
5963
70142
884
363794

0.1
1.4
24.8
17.9
45.6
84.5
28.2
5.4
63.2
0.8
327.7

_
-11638
-1783
5869
-3341
-40325
10049
-3962
_
_
175412

_
14664
56826
33779
104475
228015
52529
15889
_
_
552152

35
40
45
50
55
60
65
70
75
85
Overall

1
2
7
5
5
6
8
2
1
1
38

2.7
5.2
6.3
6.4
5.8
4.5
3.7
1.8
1.5
0.4
41.4

0
7597
8538
11223
33917
28824
33929
7219
27299
758
207352

0.0
6.8
7.7
10.1
30.6
26.0
30.6
6.5
24.6
0.7
186.8

_
-73804
479
-653
9767
-8861
11241
-13948
_
_
126601

_
88998
16594
23098
58070
66510
56617
28386
_
_
289138

2005
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Table 6.4 Average total sound acorn production by diameter class for the entire
Monsanto Farm and Wildlife Management Center GTR, 2006 and 2007.

Year
2006

Diameter
(cm)

Trees
Sampled

Trees/
ha

Sound
Acorns/ha

Mass
(kg/ha)

Lower
95% CL

Upper
95%CL

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
6
8
2
1
1
39

2.7
5.2
6.3
6.4
5.8
4.5
3.7
1.8
1.5
0.4
41.4

113
28049
32444
16328
37694
60744
46454
9193
81515
4738
372311

0.1
25.3
29.2
14.7
34.0
54.7
41.9
8.3
73.4
4.3
335.4

_
-319265
-10358
-6655
816
4453
7182
-55870
_
_
215528

_
375362
75247
39311
74572
117035
85726
74256
_
_
59092

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
5
7
2
1
1
37

2.7
5.2
6.3
6.4
5.8
4.5
3.7
1.8
1.5
0.4
41.4

0
89988
50452
21743
54454
54706
74064
58510
161135
1264
594707

0.0
81.1
45.5
19.6
49.1
49.3
66.7
52.7
145.2
1.1
535.8

_
-950525
-3673
3950
26941
-3379
31603
-538600
_
_
315965

_
1130500
104577
39536
81968
112792
116525
655620
_
_
873457

2007
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Bad acorn production followed the same general patterns as sound acorn
production. Table 6.5 and Table 6.6 present bad acorn production by diameter class for
each year. The lowest number of bad acorns per hectare was once again in the 35-cm and
85-cm diameter classes. Consistent with sound acorn production, bad acorn production
in the 75-cm diameter class was high relative to adjacent diameter classes in all four
years. In 2005, 2006, and 2007, the 40-cm diameter class produced considerably more
bad acorns per hectare than other diameter classes. In 2004, the diameter classes between
55-cm and 65-cm produced more than half of the bad acorns; however, this group
produced less than one third of the bad acorns in all other years.
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Table 6.5 Average total bad acorn production by diameter class for the entire
Monsanto Farm and Wildlife Management Center GTR, 2004 and 2005
(Guttery 2006).

Year
2004

Diameter
(cm)

Trees Sampled

Trees/ha

Bad
Acorns/ha

Lower
95%CL

Upper
95% CL

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
6
9
2
1
1
40

2.7
5.2
6.3
6.4
5.8
4.5
3.7
1.8
1.5
0.4
41.4

0
8710
9452
13116
13405
41691
31108
987
20474
884
191856

_
-74740
-359
2733
2453
-5310
-13712
-11558
_
_
74147

_
92160
19265
23501
24354
88695
75928
13532
_
_
309548

35
40
45
50
55
60
65
70
75
85
Overall

1
2
7
5
5
6
8
2
1
1
38

2.7
5.2
6.3
6.4
5.8
4.5
3.7
1.8
1.5
0.4
41.4

113
56173
35242
14103
25099
25228
17101
8267
27299
569
210188

_
-597048
-9960
9926
10388
-1850
8706
-65423
_
_
133474

_
709394
80445
18278
39811
52308
25497
81958
_
_
286943

2005

90

Table 6.6 Average total bad acorn production by diameter class for the entire
Monsanto Farm and Wildlife Management Center GTR, 2006 and 2007.

Year
2006

Diameter
(cm)

Trees/ha

Bad
Acorns/ha

Lower
95% CL

Upper
95% CL

Trees Sampled

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
6
8
2
1
1
39

2.7
5.2
6.3
6.4
5.8
4.5
3.7
1.8
1.5
0.4
41.4

0
65878
47730
24412
47306
60278
31002
6848
48530
6698
369901

_
-674340
-5627
-6088
19594
-48
15234
-19019
_
_
248607

_
806095
101087
54912
75017
120605
46771
32716
_
_
491170

35

1

2.7

113

_

40
45
50
55
60
65
70
75
85
Overall

2
8
5
5
5
7
2
1
1
37

5.2
6.3
6.4
5.8
4.5
3.7
1.8
1.5
0.4
41.4

144666
51726
27267
36904
42030
34231
14890
29573
4739
373211

-1E+06
-13234
-12515
18005
-22109
10188
-96955
_
_
227245

_
157429
4
116686
67048
55804
106168
58274
126735
_
_
519197

2007
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There was considerable variation in total acorn production by tree within each
diameter class in all four years. The average total acorn production and variability within
each diameter class is shown in Table 6.7 and Table 6.8. Total acorn production of
individual trees in all years ranged from 42 acorns to 127,138 acorns between years. The
average total acorn production per tree was 13,422 (SE=3,088) in 2004; 10,099
(SE=1,573) in 2005; 17,891 (SE=3,005) in 2006; and 23,303 (SE=4,430) in 2007. The
60-cm diameter class had the highest variability in 2004 (mean=30,119; range=48785,674) and 2005 (mean=12,012; range=346-30,764). In 2006, the 45-cm diameter class
had the highest variability (mean=12,726; range=531-54,194). In 2007, the 40-cm class
had the highest variability (mean=45,126; range=7,740-82,511). Variability was
consistently low for the 50-cm diameter class in all years. With only two sample trees,
the 70-cm class had low variability in all years except 2007.
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Table 6.7 Measures of variability for total acorn production per tree at the Monsanto
Farm and Wildlife Management Center, 2004 and 2005 (Guttery 2006).
Diameter
Year
(cm)
2004
35
40
45
50
55
60
65
70
75
85
Overall

Trees
Sampled

Average
Production

Standard
Error

Minimum
Production

Maximum
Production

1
2
8
5
5
6
9
2
1
1
40

42
1966
5896
5147
11030
30119
16864
3862
60410
4423
13422

_
1462
2244
1235
4018
13362
6827
983
_
_
3088

42
504
41
2204
2666
487
2281
2879
60410
4423
41

42
3428
17701
8321
24222
85674
65886
4844
60410
4423
85674

1
2
7
5
5
6
8
2
1
1
38

42
12264
6949
3957
10175
12012
13792
8604
36397
3317
10099

_
11119
3474
520
2369
5084
3263
2297
_
_
1573

42
1145
82
2916
5317
346
1583
6307
36397
3317
42

42
23382
28855
5313
18294
30764
29532
10900
36397
3317
36397

2005
35
40
45
50
55
60
65
70
75
85
Overall
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Table 6.8 Measures of variability for total acorn production per tree at the Monsanto
Farm and Wildlife Management Center, 2006 and 2007.
Diameter
Year
(cm)
2006
35
40
45
50
55
60
65
70
75
85
Overall

Trees
Sampled

Average
Production

Standard
Error

Minimum
Production

Maximum
Production

1
2
8
5
5
6
8
2
1
1
39

42
18063
12726
6366
14460
26894
20144
8912
86697
28591
17891

_
16460
6349
2213
2708
8528
4886
3976
_
_
3005

42
1603
531
519
8124
1154
3210
4936
86697
28591
42

42
34522
54194
12089
22661
54373
43297
12887
86697
28591
86697

1
2
8
5
5
5
7
2
1
1
37

42
45126
16219
7658
15344
21497
27998
40778
127138
15006
23303

_
37385
7403
3119
2110
9680
5178
30998
_
_
4430

42
7740
1797
2463
9674
1269
3717
9780
127138
15006
42

42
82511
59771
19271
19705
56944
41133
71775
127138
15006
127138

2007
35
40
45
50
55
60
65
70
75
85
Overall

94

The production of sound acorns was also highly variable between individual trees
in all years (Table 6.9 and Table 6.10). Sound acorn production of individual trees in all
years combined ranged from 0 to 107,423 acorns. The average sound acorn production
per tree was 8,787 (SE=2,250) in 2004, 5,021 (SE=971) in 2005, 8,987 (SE=1,872) in
2006, and 14,351 (SE=3,321) in 2007. Only two individual trees exhibited increased
sound acorn production every year throughout the study, but no individual tree showed a
decrease throughout the entire study. Over the four year period, total production of sound
acorns for every tree varied by greater than 50% between the lowest and highest sound
acorn production per year, and the majority of individual trees varied by greater than
100%. Total sound acorn production in 2004 was very similar to production in 2006.
The year with the lowest sound acorn production relative to other years was 2005, and
2007 could be considered a “bumper” crop year. Of the 37 trees sampled, 23 individual
trees had greater sound acorn production in 2007 compared to all other years.
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Table 6.9 Measures of Variability for total sound acorn production per tree at the
Monsanto Farm and Wildlife Management Center, 2004 and 2005
(Guttery 2006).

Year
2004

Diameter
(cm)

Trees
Sampled

Average
Production

Standard
Error

Minimum
Production

Maximum
Production

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
6
9
2
1
1
40

42
291
4369
3098
8719
20855
8457
3313
46761
2211
8787

_
199
1967
785
3348
11599
2489
434
_
_
2250

42
92
0
853
1600
162
1690
2879
46761
2211
0

42
490
15276
4672
19869
76194
22348
3747
46761
2211
76194

35
40
45
50
55
60
65
70
75
85
Overall

1
2
7
5
5
6
8
2
1
1
38

0
1461
1355
1754
5848
6405
9170
4011
18199
1896
5021

_
1232
541
668
1500
3258
2659
926
_
_
971

0
229
29
284
2599
108
396
3085
18199
1896
0

0
2693
4365
3298
11125
20927
21151
4936
18199
1896
21151

2005
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Table 6.10 Measures of Variability for total sound acorn production per tree at the
Monsanto Farm and Wildlife Management Center, 2006 and 2007.

Year
2006

Diameter
(cm)

Trees
Sampled

Average
Production

Standard
Error

Minimum
Production

Maximum
Production

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
6
8
2
1
1
39

42
5394
5150
2551
6408
13499
12032
5107
54343
11847
8987

_
5257
2873
1293
2308
4866
4334
2845
_
_
1872

291
137
123
162
2528
346
296
2262
54343
11847
123

291
10651
24490
7010
15463
33626
35529
7952
54343
11847
54343

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
5
7
2
1
1
37

0
17305
8008
3397
9185
12157
19005
32506
107423
3159
14351

_
15748
3633
1001
1676
4649
4042
26108
_
_
3321

498
1557
1021
1102
5055
1269
2703
6398
107423
3159
498

498
33053
32129
6613
13473
28056
32757
58613
107423
3159
107423

2007
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The average bad acorn production and variability within each diameter class is
presented in Table 6.11 and Table 6.12. The average bad acorn production for 2004 and
2005 was less than bad acorn production in 2006 and 2007. All but four individual trees
produced more bad acorns in 2006 and 2007 than in 2004 and 2005. The average bad
acorn production per tree was 4634 (SE=1405) in 2004, 5077 (SE=971) in 2005, 8904
(SE=1452) in 2006, and 8952 (SE=1746). Bad acorn production in 2004 (average =
4634) was very similar to bad acorn production in 2005 (average = 5077). Likewise,
production in 2006 (average = 8904) was similar to production in 2007 (average = 8952).
Overall, bad acorn production for individual trees was highly variable and ranged from 0
to 49,880. Every individual tree varied by at least 30% between the highest and lowest
number of bad acorns produced, and more than half of the trees varied by more than
100% between the years. Of all the trees sampled, 22 produced more bad acorns in 2006
than in any other year. Considering all diameter classes, variability was consistently high
for all but the 50- and 70cm diameter classes.
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Table 6.11 Measures of variability for total bad acorn production per tree at the
Monsanto Farm and Wildlife Management Center, 2004 and 2005
(Guttery 2006).

Year
2004

Diameter
(cm)

Trees
Sampled

Average
Production

Standard
Error

Minimum
Production

Maximum
Production

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
6
9
2
1
1
40

0
1675
1500
2049
2311
9265
8408
549
13649
2211
4634

_
1263
659
584
680
4063
5253
549
_
_
1405

0
412
0
714
665
325
589
0
13649
2211
0

0
2938
5575
4160
4353
27580
49880
1097
13649
2211
49880

35
40
45
50
55
60
65
70
75
85
Overall

1
2
7
5
5
6
8
2
1
1
38

42
10803
5594
2204
4327
5606
4622
4593
18199
1422
5077

_
9887
3034
235
914
2341
984
3222
_
_
971

42
916
41
1621
1772
115
676
1371
18199
1422
41

42
20689
24490
2869
7169
14622
9492
7815
18199
1422
24490

2005
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Table 6.12 Measures of variability for total bad acorn production per tree at the
Monsanto Farm and Wildlife Management Center, 2006 and 2007.

Year
2006

Diameter
(cm)

Trees
Sampled

Average
Production

Standard
Error

Minimum
Production

Maximum
Production

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
6
8
2
1
1
39

0
12669
7576
3814
8051
13395
8112
3805
32353
16744
8904

_
11203
3582
1716
1763
5215
1745
1131
_
_
1452

0
1466
409
357
3766
808
1605
2674
32353
16744
0

0
23872
29704
8178
12855
35070
17923
4936
32353
16744
35070

35
40
45
50
55
60
65
70
75
85
Overall

1
2
8
5
5
5
7
2
1
1
37

42
27820
8210
4260
6159
9340
8993
8272
19715
11847
8952

_
21637
4361
2239
980
5134
2653
4890
_
_
1746

42
6183
683
974
4062
0
1014
3382
19715
11847
0

42
49458
28608
12658
9852
28888
20298
13162
19715
11847
49458

2007
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Discussion
Overall, acorn production was variable among individual trees and diameter
classes within each given year and among various years. Acorn production could be
considered good in all years according to the classifications used by Auchmoody et al.
(1993). They classified production between 309,000 and 618,000 northern red oak
acorns per hectare to be “good” acorn crops, but this comparison may not be valid due to
differences in the ecology and biology between northern red oak and willow oak or the
different methods used to quantify acorns. Auchmoody et al. (1993) used acorn caps to
quantify acorns, whereas actual acorns were counted in this study. The overall average
acorn production during the 4-year study was 670,975 acorns per hectare. This value is
much higher than the 12-year average production of 356,700 pin oak acorns per hectare
reported by McQuilkin and Musbach (1977).
Goodrum et al. (1971) showed a strong correlation between water oak acorn
production and diameter class. However, data from this study did not support the
findings. In this study, acorn production was lowest in the smallest and largest diameter
classes and highest in the intermediate diameter classes. The 55-cm through 65-cm
diameter classes produced relatively good acorn crops in every year. The 40-cm and 75cm diameter classes also produced good acorn crops each year, but the 35-cm, 50-cm, 70cm, and 85-cm diameter classes had relatively low production every year. However,
these results are based on very small sample sizes, especially in the small and large
diameter classes. Additionally, the substantial variation in acorn production and the lack
of long-term data makes it difficult to identify any trends in acorn production relative to
tree size. Since most oak species produce a good acorn crop 1 year in 3 or 4 (Downs and
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McQuilkin 1944, Goodrum et al. 1971, Beck 1977), it may take more than 4 years of data
to see any definitive patterns in acorn production.
Numerous studies have demonstrated the variation associated with acorn
production (Downs and McQuilkin 1944, Beck 1977, Sork et al. 1993, Koenig et al.
1994). It has been suggested that willow oaks typically produce an acorn crop every year
(Burns and Honkala 1990, Young and Young 1992). Data from this 4-year study
supports this claim since willow oaks seem to be consistently producing acorn crops in
this GTR. Even though total acorn production per hectare remained high for all years,
acorn production within individual trees still varied considerably from year to year. This
suggests that the population of willow oaks is able to produce high numbers of acorns per
hectare each year despite high variability within individual trees.
Merz and Brakhage (1964) reported that the percentage of sound pin oak acorns
never exceeded 70% even in the best years of sound acorn production. In this study, the
percentage of sound acorns per hectare ranged from 65.5 percent in 2004 to 50 percent in
2005 and 2006. In 2007, the greatest overall acorn production year, 61% of the estimated
total acorns per hectare were sound. The estimated mass of sound willow oak acorns
produced per hectare was 327.7 kg/ha in 2004; 186.8 kg/ha in 2005; 335.4 kg/ha in 2006;
and 535.8 kg/ha in 2007. The level of production in each year was much higher than the
minimum estimated requirement of 50 kg/ha necessary to sustain waterfowl populations
on an area (Reinecke et al. 1989). When extrapolated over the entire GTR, the estimated
total mass of sound acorns produced over the entire area was 95,304 kg in 2004; 54,335
kg in 2005; 97,485 kg in 2006; and 155,918 kg in 2007. The production in this GTR was
much higher than the production reported by McQuilkin and Musbach (1977) who found
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the average production of sound pin oak acorns to be 155,900 acorns per hectare, the
equivalent of 142 kg/ha. Even though there were 363,794 sound acorns produced in
2004, Guttery (2006) found an average of only 210 willow oak seedlings per hectare that
were less than 0.3 m tall. This would indicate that more than 1,700 sound acorns would
be needed to produce one seedling. Consistent with these results, Merz and Brakhage
(1964) concluded that only 1 in 2,100 pin oak acorns germinated in an artificially flooded
area. This may be due to the extended flooding associated with GTRs or a high level of
predation by wildlife or insects. King (1994) noted a decrease in germination of willow
oak acorns submerged in water for 90 days compared to 60 days, but more than half of
the acorns still germinated after the 90 day inundation. Beck (1993) reported that acorn
crops of less than 224 kg/ha can be totally consumed by wildlife and insects. Therefore,
it is unknown whether there is a sufficient amount of viable acorns to supply the area
with natural regeneration.
The production of sound acorns per tree was highly variable throughout the study
making it difficult to discern any trends in acorn production within individual trees or
diameter classes. There was a 50% difference between the lowest and highest sound
acorn production for individual trees among years, and all but a few individual trees
showed a 100% difference over the 4 years. In 2007, 23 of the 37 trees sampled
exhibited the highest sound acorn production in the 4-year study. Sound acorn
production was very similar between 2004 (average = 363,794) and 2006 (average =
372,311), whereas production in 2005 (average = 207,352) was considerably lower than
all other years.
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Approximately 50% of the total acorns produced in 2005 and 2006 were bad,
compared to approximately 35% in 2004 and 39% in 2007. The overall production of
bad acorns was less variable than the production of total and sound acorns. This indicates
that bad acorn production was more consistent relative to total and sound acorn
production. The higher production of bad acorns in 2006 and 2007 compared to 2004
and 2005 may be due to different observers for the two time periods. Data from
McQuilkin and Musbach (1977) also indicated a smaller range for bad acorn production
than for total acorn production. They concluded that a similar number of bad acorns are
produced each year regardless of total crop size. This statement was not completely
supported in this study, but variability was definitely less for bad acorn production than
for total or sound acorn production.
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CHAPTER VII
SUMMARY AND CONCLUSIONS

Summary
This study was designed to examine factors which might be inhibiting oak
regeneration and evaluate methods which might enhance the regeneration potential of
oaks in bottomland hardwood stands managed as GTRs. The performance of
underplanted 1-0 bareroot willow oak seedlings planted in two Arkansas GTRs was
evaluated. The effect of dormant season flooding and midstory control using herbicides
on the second-year survival and growth of the planted seedlings was also evaluated.
Light availability was measured before and after midstory removal treatments to compare
the amount of light reaching the forest floor in treated and untreated plots. Additionally,
willow oak acorn production was estimated for two years and combined with previous
acorn production estimates from Guttery (2006).

First-year survival and growth
Overall, first-year survival of willow oak seedlings at the Monsanto site (89.4%)
and the Five Oaks site (85.8%) was similar to results from other similar studies. Final
survival was not significantly different between the two sites, and overall survival for
both sites combined was 87.63%. Of the seedlings that died during the first growing
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season, monthly survival checks indicated that mortality did not occur until September
and October. Mortality during the first growing season was likely due to multiple factors
and the combination of these factors. Some seedlings probably died from being planted
in depressions where the soil was saturated for an extended period during the early
growing season. Since the vast majority of mortality occurred in September and October,
summer drought and low light levels were probably the most significant factors
contributing to first growing season mortality.
Height and GLD growth were apparent during the first growing season since final
and initial values were significantly different. Neither height nor GLD growth differed
between the Monsanto site and the Five Oaks site. Overall, height growth in this study
was comparable to other studies reporting the performance of underplanted oak seedlings.
The positive height growth under low light conditions may be due to the seedlings relying
on reserves stored from optimal growing conditions in the nursery or the allocation of
more energy into vertical growth. Although GLD growth was apparent during the first
growing season, it was very minimal and lower than other comparable studies even when
negative growth values were omitted. The minimal GLD growth could be a result of
multiple factors. Root growth may have been inhibited by early season moisture and
rapid drying later in the growing season. It is possible that seedlings put more energy
into height growth under the low light conditions at the expense of root and subsequent
diameter growth.
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Second-year survival and growth
During the second growing season, half of the seedlings were artificially flooded
during the dormant season and half were left unflooded. Also, the midstory was
controlled in half of the plots using herbicides, and half of the plots were left untreated.
The effects of flooding and midstory injection on the survival and growth of planted
seedlings was analyzed for each site independently.
Survival data during the second growing season was analyzed for two time
periods since the effects of flooding and midstory injection did not come into effect at the
same time. The effects of flooding on survival in this study may have been compromised
since both flooded and unflooded blocks were inundated multiple times during the early
growing season. Overall, survival of planted 1-0 bareroot willow oak seedlings after two
growing seasons was 68.17% and 63.75% at the Monsanto site and the Five Oaks site,
respectively.
At The Monsanto site, flooding during the dormant season had a significant effect
on percent mortality between October 2007 and May 2008. Mortality of seedlings in the
flooded block (15.24%) was significantly greater than mortality in the unflooded block
(5.52%). However, dormant season flooding at the Five Oaks site did not have a
significant effect on mortality during that time period. The difference in timing and
duration of flooding between the two sites was the likely reason for the significant
mortality at the Monsanto site and not at the Five Oaks site. The Monsanto site was
flooded in early October, more than one month earlier than at the Five Oaks site,
indicating that early fall flooding may decrease survival of seedlings. It is possible that
seedlings at the Monsanto site were still physiologically active when completely
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inundated and therefore more severely stressed by flooding. The results from this study
indicate that flooding from mid-November to early February may not cause mortality to
planted seedlings, but flooding before mid-October may cause significant mortality.
Although both flooded and unflooded blocks were inundated during the early growing
season, the lack of significant mortality in the unflooded blocks indicate that early
growing season flooding did not affect survival.
Percent mortality during the second growing season was not significantly
different between midstory injection treatments at the Monsanto site. Mean percent
mortality in the injected and uninjected plots was 12.97% and 17.99%, respectively. This
was not surprising since the available light was not significantly enhanced by the
midstory injection treatment. Unlike results at the Monsanto site, mortality differed
between midstory injection treatments at the Five Oaks site. An increase in light
availability from the midstory injection was more prominent at the Five Oaks site than at
the Monsanto site. Mean percent mortality in the injected plots (14.74%) was
significantly less than mortality in the uninjected plots (30.10%). The significant
difference in mortality at the Five Oaks site and not the Monsanto site was likely due to a
greater increase in light availability in the injected plots at the Five Oaks site
(approximately 17%) than at the Monsanto site (approximately 12%)
Mean height growth of willow oak seedlings at the Monsanto site was 4.62 cm for
an overall mean height of 66.17 cm at the end of the second growing season. In
comparison, seedlings at the Five Oaks site grew a mean of 5.10 cm for an overall mean
height of 68.62 cm. Overall, height growth at both sites was comparable to height growth
reported in other hardwood plantings. Mean GLD growth of willow oak seedlings at the
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Monsanto site was 0.73 mm for an overall mean GLD of 6.30 mm at the end of the
second growing season. In comparison, seedlings at the Five Oaks site grew a mean of
0.81 mm for an overall mean GLD of 6.81 mm.
Height growth at the Monsanto site was significantly different between flood
treatments (flooded = 3.97 cm and unflooded = 5.08 cm). Conversely, At the Five Oaks
site, flooding did not significantly affect height growth (flooded = 4.98 cm; unflooded =
5.21 cm). The reduced height growth of seedlings in the flooded block compared to
seedlings in the unflooded block at the Monsanto site may be a result of physiological
stress induced by the earlier initiation and longer duration of flooding. GLD growth was
not significantly different between flood treatments at either site. At the Monsanto site,
GLD growth in the unflooded block (0.76 mm) was not significantly different than GLD
growth in the flooded block (0.69 mm). Likewise, GLD growth at the Five Oaks site in
the unflooded block (0.83 mm) was not significantly different than GLD growth in the
flooded block (0.79 mm). The effects of flooding on seedling growth may have been
confounded by the early growing season flooding events experienced at each site in both
flooded and unflooded blocks.
Height growth was not significantly different between midstory injection
treatments at either site. Mean height growth at the Monsanto site in the injected plots
(4.68 cm) was almost identical to growth in the uninjected plots (4.55 cm). Mean height
growth at the Five Oaks site for injected plots (5.40 cm) was not significantly different
than growth in the uninjected plots (4.82 cm). Similar to height growth, GLD growth
was not significantly different between injection treatments at either site. At the
Monsanto site, mean GLD growth in the injected plots (0.68 mm) was statistically similar
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to growth in the uninjected plots (0.78 mm). Likewise, GLD growth at the Five Oaks site
in the injected block (0.84 mm) was not significantly different than GLD growth in the
uninjected block (0.79 mm). If light levels in this study had been sufficient to promote
differences in growth, two or three years probably would be required to notice any
positive effects on growth from midstory removal.

Midstory injection and light availability
Overall, midstory injection was very effective at controlling undesirable stems.
The majority of stems not controlled were accidentally missed during injection. Most of
the species that were injected did not leaf-out the following growing season, but some
species did not experience complete mortality from the herbicide injection. Many of the
sugarberry stems, especially the larger ones, leafed-out, but showed severe herbicide
damage. The occasional winged elm and American elm did survive injection. There was
no evidence of non-target herbicide damage to any untreated stems.
Overall, the available light at the Monsanto site was similar between years in the
midstory injection and untreated control plots. Even though there was a significantly
greater increase in light availability in the injected plots for all site factors, the increase in
light availability was small and probably will not increase the survival and/or growth of
the planted seedlings. ISF, DSF, and GSF values prior to midstory control treatments
were 0.1110, 0.1073, and 0.1077, respectively. This indicates that approximately 11% of
the solar radiation was reaching the forest floor before treatments were installed. After
treatment, in the midstory control plots, the mean values for ISF, DSF, and GSF were
0.1298, 0.1248, and 0.1255, respectively. ISF, DSF, and GSF increased by 0.0221,
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0.0156, and 0.0165, respectively, in the injected plots. This small increase in light levels
from midstory injection is likely due to an intact overstory canopy.
At the Five Oaks site, the site factor values before treatment were slightly higher
but very similar to the values at the Monsanto site. Before treatment, site factor values
for ISF, DSF, and GSF were 0.1160, 0.1173, and 0.1171, respectively. This indicates
that 10-11% of the solar radiation was reaching the forest floor at the Five Oaks site.
Similar to results at the Monsanto site, midstory injection was the only significant main
effect. Not surprisingly, flooding and the interaction between flooding and injection were
not significant. A more pronounced increase in site factors was observed at the Five
Oaks site than at the Monsanto site. The after-treatment site factor values for ISF, DSF,
and GSF were 0.1703, 0.1745, and 0.1740, respectively. The site factor values for ISF,
DSF, and GSF increased by 0.0536, 0.0559, and 0.0557, respectively, in the midstory
injection plots. The greater increase in site factor values at the Five Oaks site is likely
due to more canopy gaps in the overstory from past harvests.

Acorn production
Overall, acorn production was variable among individual trees and diameter
classes within a given year, among individual trees in various years, and among diameter
classes in various years. The production of acorns in the GTR could be considered
“good” in all four years. The overall average acorn production during the four-year study
was 670,975 acorns per hectare. It should be noted that production reported in this study
may be below actual production levels, since data was not corrected for any acorns that
may have been consumed by wildlife or insects. The estimated mass of sound willow
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oak acorns produced per hectare was 327.7 kg/ha in 2004; 186.8 kg/ha in 2005; 335.4
kg/ha in 2006; and 535.8 kg/ha in 2007. The production of sound acorns seems to be
sufficient to support feeding waterfowl and still provide enough acorns for willow oak
regeneration assuming that acorns were not completely decimated by wildlife. Acorn
production was good despite the artificial flooding on the site, and insect damage to
acorns may have been reduced by the flooding regime.
All diameter classes showed some acorn production throughout the study, but
trends were difficult to discern due to small sample sizes for some diameter classes.
Total and sound acorn production was most prevalent in the 55-cm to 65-cm diameter
classes in all four years of the study. The 40-cm and 75-cm diameter classes also
produced good acorn crops each year, but the 35-cm, 50-cm, 70-cm, and 85-cm diameter
classes had relatively low production every year. Data from this four-year study suggests
that willow oaks seem to be consistently producing acorn crops in this GTR.

Conclusions
Research has shown that annual flooding for waterfowl habitat in GTRs can shift
the vegetative community to a more flood tolerant species composition (Guttery 2006).
The timing and duration of flooding events and the depth of water when seedlings are
physiologically active are of critical importance in GTR management. GTRs should only
be artificially flooded after seedlings have entered dormancy in the fall, and water should
be removed before seedlings become physiologically active in the spring. Artificial
flooding from late fall through late winter every year should be avoided in GTRs, and
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water management strategies that alternate the flooding regime should be implemented to
reduce the negative impacts associated with annual flooding. GTRs with internal levees
and the ability to flood individual compartments allow managers to rotate flooded and
unflooded areas. Additionally, alternating the timing of flooding between years can
lower the negative effects of continuous flooding while providing flooded areas for
waterfowl habitat throughout the winter. Alternating between early flooding, late
flooding, and no flooding may be a good strategy for managers with multiple GTRs in an
area or multiple compartments within a GTR.
In any given year, flooding should not be initiated until at least mid-October in
the LMAV. Water levels within a GTR should not exceed 46 cm to facilitate the
availability of acorns and other food sources on the bottom of the impounded stand.
Shallower water in the GTRs also allows for more timely inundation and drainage.
Water should be drained slowly at the end of the waterfowl hunting season (early
February) to provide food that may have been unavailable when the GTR was at full
capacity and to decrease the likelihood of saturated soil conditions in the spring. The best
water management regime to optimize waterfowl habitat and forest management is
unknown, but multiple (2-3) years without artificial flooding may be required for the
regeneration of desirable red oak species. However, if flood timing (early or late) is
alternated between years, the number of years required without flooding may be
decreased. Moorhead et al. (1991) and Fredrickson and Batema (1993) provide some
suggested GTR management guidelines. Additional research is needed to better
understand how various flooding regimes affect the germination, survival, growth, and
recruitment of desirable oak species in bottomland hardwood stands managed as GTRs.
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Since oaks are shade intolerant, silvicultural methods that increase light
availability on the forest floor will most likely be needed in mature stands. The use of
midstory control may be an effective method of increasing the amount of available light
reaching the forest floor. Controlling undesirable stems can be beneficial in natural and
artificial regeneration efforts. Timing midstory control efforts with high acorn
production years may enhance the number and competitive status of oak advance
reproduction. Results from this study indicate that midstory alone does not create a light
environment conducive to the continued survival and growth of oak seedlings.
Additional silvicultural treatments that further increase the light environment will be
needed.
In areas where natural oak regeneration is lacking, planting oaks under an intact
canopy may be a viable method for establishing advance oak reproduction. Since a lack
of desirable regeneration is a major concern for GTR managers, further research is
needed to establish optimal methods of ensuring the survival, growth, and subsequent
recruitment of the oak component into the canopy of GTRS. To achieve this, future work
should focus on methods of establishing advance oak reproduction. Additionally, studies
should look at the long-term survival and growth of underplanted seedlings under various
silvicultural regimes.
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